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RECHERCHES 

SUR LES 

CARATfiS DE COLOMBIE 



LNTRUDUCTION 

Nous suivrons dans cette ^tude Texcmple d'AUbert et 
d'Uribe Angel, en d^crivant cc que mm avons observe 
personnellement, sur les carates de Colombie, sans nous 
prioccuper de ceque d'autres auteurs ontdecrit sous les 
noms de Pinto^ Carate^ Cute, Caiiuij Oairira, elc, qui 
s'appliquent, d'apr^s eux, k une m^me maladie. 

Pour nous, nous avons remarque de nombreuses cofi- 
tradictions, et ru attribuer cette aiTection les symptA- 
mes les plus discordants, dans les traraux qui consider 
rent ces dermatoses comme absolument identiques« 

En agissant ainsi, nous ne croyons pas augmenter fa 
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confusion, et noas esp^rons laisser les choses k un point 
oii les observaleurs qui suivront pourtont facilement con- 
firmer la \&riii de nos observations, ou relever nos 
crreurs, et approfondir T^tude de cette carieu«e mala- 
die, qui est un large champ ouvert au microscope du 
Bactiriologiste et du Mycologue. 

Nos recherches ont 6i6 faitesdans le d^partement d'An- 
tioquia, oii pr^domine Tesp^ce violette du caratt'y avec 
toutes ses varidtes,. violet cendr(5, violet bleuAtre, violet 
brun et violet rougedtre, qui se montre souvent accom- 
pagn&e de Inches achromiques, articulaires ou non. Les 
autres esp6ces de carate y sont relativement rares. 

Nous avons pu prendre les observations de cinquante 
sujets, (dont vingt-quatre cities i la fin de ce travail), 
atteints de carate^ faire Texamen de leurs squames, et 
donner ainsi k notre 6tude de Tt^tioloyie de la maladie un 
d^veloppement important et une base s6rieuse. 

Cette entreprise, qui paraissait k premiere vue banale, 
s'est montr6e, en r6alit6, une oeuvre complexe et ardue, 
parce qu'au lieu d'U'U seul carate, nous nous sommes trou- 
v6s en presence de plusieurs caratesy k caract6res clini- 
ques dilKrents, et se s^parant, non seulement par Icur 
couleur, mais par leur m^rche, leur symptomatologie, 
leurs complications, le mode de contagion et le pronos- 
tic. 

Chaque forme clinique est prod uite par une moisissure, 
morphologiquement et h6r6ditairement distincte. 

Ainsi, par exemple, le carate bleu et le noir violac6 
sont dds, chacun, k une espice difKrente AWspergillus, 
Dans le caratt^ polychrome, chaque tache donneune esp^<- 
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ce d'Aspergilius en rapport avec sa coulear, et, sur un 
nriLhiie « caratejo » (Tel est le nom donn6, dans le pays, 
aux malades porteurs de cette affection), on peut en trou- 
ver deux et ra^me trois esp^ces. 

Ces champignons vivent cdte a cote, el sans se mc^er, 
bien que le contraire ait lieu parfois, et produise de vdijj- 
tables associations mycosiques. 

Les differentes formes de carates nousoffrent foute une 
s6rie de moisissures aspercjillordes, absolument identique 
k la ^erie, bien connue aujourd'hui, des Trichophytons de 
Sabouraud. 

Comme on le voit, nous nous (iloiynons icidela concep- 
tion de M. Gastanibide, d'apres laquelle le pinto du Mexi- 
que est produit par un champignon, loujours le m^me, 
dans toutes les squames que Ton examine, el dont I'as- 
pect est'Celui d^une « cerise atlacht^e k sa queue >. Le 
mycelium est court et jamais dichotomique. 

Dans les centaines de preparations de carate^ (environ 
2000) qur; nous avons examinees, jamais nous n'avons vu 
un champignon pr6sentant la forme d'une cerise, et les 
myceliums ^taient toujours dicholomiqueset tres longs. 

II est probable que le champignon d^couvert par 
M, Ruiz y Sandoval se rencontre dans quelqucs formes 
de pinto, fr^quentes au Mexique, mais que d'autres for- 
mes sont produites par d'autres moisissures. Mais la de- 
termination de la famille laquelle peut appartenir ce 
champignon, est impossible, d'apres les rares donn^es 
que transcrit M. Gastambide. Des recherches nouvelles, 
plus approfondies, peuvent seules itablir si Ruiz, a rai- 



son, et si Ton retrouvc dans quelques pintos du Me^i- 
que, les Aspergillus des caraies de Colombie. 



Avant d'abordcr notre sujet qu'il nous soil permis d'cx- 
primer ici, k M. le D'^ Sabouraud, toute noire reconnais- 
sance, pour la si cordiale et si large hospitaiite qu'il nous 
a offert dans son Laboratoire. Nous avons pu y comple- 
ter ct y perfeclionnor nos travaux sur les carates, en 
suivant ses judicieux conseils el ses savantes indications, 
que sa connaissance ^tendue et sa grande experience de 
la niycologie rti^dicalc nous rendaient si pr^cicux. 

Nous prions M. le professeur Dieulafoy de vouloir bicn 
accepter tons nos respcctueux renierciements,pour Thon- 
neur qu'il nous a fait en voulant bien accepter la pr6si- 
dence de notre thftse. 
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HISTORIQUE 



D'apris le R. P. Juan de Velasco, ie carats aurait 
6l6 import^ en Colombie, par des esclaves noirs d'Afri- 
que. € Dans aucune partie du d^partement de Cauca, il 
« n'y a tAnt de carats, que dans Ie district du Patia. II y 
« fut apporte par des n^gres d'Angola, dont la race est 
€ facilement sujette 21 celte aflfection, ainsi du reste que 
« quelques blancs et ileitis, tandis que les indiens y sont 
€ relativement tris rebelles (1). » 

M. Ie Uribe Angel, de Medellin (2) est de la rn^mc 
opinion. Voici ce qu'il en dit : € La laide maladie dont je 
€ parle n'est pas originaire d'Am^rique. Les indiens ne 
« la connaissaient pas, et elle fut import^e peu apr^s la 
« conqufite, par une bande de nigres d'Angola, amencis 
4C pour Texploitation des mines d*or du Patia ». 

Plus loin, dans un appendice k son article, Ie mfime 
auteur ajoute les details suivants : « Les historiens de la 
4C d^couverte et de la conqufite de TAm^rique ne parlent 

1. Juan de Velasco. Hisloria del Reino de QuilOj 1789. 

2. Uribe Angel. Observaciones sobre el curate « El Tndice » do 
Medellin 1867, 
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« pas de I'existence du carats, dans les contr^es qu'ils 
« visil^rent el ^ludi^rent dans leurs voyages, et qu'ils, 
« colonis^rent ensuite, pour s'y 6tablir. Un tel silence 
« prouve que tes indigenes de I'Am^rique ne connurent 
« pas la maladie, et n*en souffrirent pas. Car, pour d'au- 
« Ires maladies, telles que les « bubas ils Turent au 
« conlraire explicites et clairs. 

« M. Vicente Restrepo, chercheur infatjgable, sur cer- 
« tains points de noire histoire, dit que le carats a 6t6 
<c vu, sur des indigenes qui habilaient la partie orientate 
« de la cordilli^re, oii se Irouve la ville de Bogota. Mais 
« je croirais, sinon qu'il y a ici une erreur, au moins que 
« le fait a besoin d'etre confirm^. 

« Au commencement de ce si^cle, le D"" Francisco Zea, 
« un des hommes dont la science et la litt^rafure font 
« grand honneur k la Colombie, publia, le premier, en 
«• Europe, dans un livre pr^cieux sur la Colombie, sa 
« geographic et son histoire, une courte notice sur le 
« carats, comme maladie intertropicale. » 

Apres le travail de Zea, Rayer donna une courte des- 
cription du carats, dans son ouvrage sur les maladies de 
la peau. 

En 1829, Alibert fit paraitre dans la Hevue medicale^ 
T. XXIII, une description du carats de Colombie, en par- 
tie d'apr^s Tarticle de Zea, de Medellin, et les donn^es 
que lui fournirenl Bompland, Daste et Roulin, qui avaienf 
voyagi dans ce pays, et y ^tnient rest^sun certain temps, 
mais en se basant surtout sur Tobservation personnelle 
d'un chirurgien colombien, atteint de carats, et qui con- 
sulta k cet effet le grand dermatologisle. 




— 13 — 

Nous ferons remarquer que, non seulement Alibert 
traita plus k fond, el 6tudia mieux le carats que ses pr£- 
d^cesseurs, mais encore, que Tesprit clinique,dontil itait 
si particuliirement dou6, le porta k consigner simple- 
ment les fails qu'il avait vus, ^vitant ainsi d'associer, 
dans une m^me description, les symptdmes et particula- 
rit^s du pinto du Mcxique, auquel il ne fait m^me pas 
allusion. 

En 1867,M.le D*" Uribe Angel publia dans« El Indice », 
de Medellin un article intitule « Observations sur le cara- 
ts ». Comme cet excellent travail n'a trait qu'au seul ca- 
rati du dipartement d'Antioquia, nous lui ferons de fre- 
quents emprunts. 

La superiority de la description d'Uribe, est due k ce 
que, comme Alibert, il nous fait un tableau d'artiste, en 
quelque sorle, du carats qu'il a sous les yeux sans se 
prioccuper des travaux plus ou moins analogues publics 
dans d'autres pays. 

En 1879, M. le Gomez, dans sa th6se inaugurale de 
la faculty de Paris {Du Carathh)^ etudie les esp^ces de 
carate, qui pr^dominent dans le d^partement de Boyaca. 
Mais, partisan convaincu de Tunite du genre carat6, il 
le confond dans une m^me description, apr^s quelques 
hesitations, avec le pinto du Mexique, d^crit par Chaasin, 
et le cute febrile du Venezuela, decrit par Freitez. 
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ETIOLOGIE 



CONDITIONS PR^DISPOS ANTES. 



Les carat^s sont, ea gin^ral, end^miques dans les 
contr6es d'une temperature moyenne de i8^ C. i 30^ C, 
maricageuses, ou situies k proximity d'une riviere, ou 
d une lagunc, pas trop ^lev^es au dessus du niveau de la 
mer, accidentAes et montagneuses, entour^es de brous- 
sailles et de forftls vierges plus ou moins ^tendues, et 
infestees de moustiques avides du sang de rhomme. Sur 
les bords des grands fleuves, des espices de cousins 
appel^s « gegenes » (G. Sinmli'um) et « zancudos » (G. Cm- 
lex) forment dans Fair d^s nuages immenses. On y trouve 
aussi, en nbondance, plusieurs esp^ces de punaises, 
(G, Acanthia). Ces divers insectes jouent un rAle ivhs 
aclif, dans la transmission des carat^s. 

Les sources min^rales, surtout celles qui sortent des 
galeries souterraines des mines d'or et d'argent aurifire, 
et qui contiennent toujours des sulfates de fer, de cui- 
vre, et m6me de ^inc, ont une influence trSs nette sur 
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Tapparition du carats violet des extr^mit^s, et surtout 
des pieds, ce qui s'explique, d'abord par le fait qu'elles 
irritent et crevassent la peau, et en second lieu, parce 
que les champignons qui produisent le carats, y trouvent 
un milieu naturel de culture. Cela nous expUque aussi 
pourquoi, dans certaines mines, de temperature basse, 
10° h 15* C. ou il y a pen de moustiques, et ou Ton ne 
trouve pas de punaises, un grand n('mbre de travailleurs 
qui marchent nu-pieds dans ces eaux corrosives, pr^sen- 
tent souvent des taches de carats violet-rougefttre ou 
rouge pur, formes qui commencent ordinairemenl par 
les pieds et produisent ensuite une achromie des regions 
mall^olaires. 

Comme r&gle giin^rale, on peut dire que (oute mine 
dont la temperature varie entre IS^'C.et 30» C.est un foyer 
important de carats, avec predominance de la variety vio- 
lette, sous toutes ses nuances, et s'accompagnant d'une 
achromie pricoce des regions articulaires. 

Les vents froids et sees en dessechant la peau, qui se 
crevasse, prddisposent dans les climats froids au cara- 
ts rouge ou violet rougeAtre. 

Dans les climats chauds. Taction d'un soleil brillant, le 
frottement des broussailles sur la peau des jambes et 
des avant-bras qui est habituellement d^couverte, chez 
les peons adonnes au rude travail des champs, sont des 
causes qui diminuent la resistance et la vitalite de la peau, 
preparent, pour ainsi dire, le terrain, et les spores du 
champignon pathogene, inocuiees par un moustique ou 
m autre insecte, germent et se developpent dans les 

eilleures conditions. 



Les journaliers des ^tablissements agricoles, comine 
ceux des factoreries tnini^res, sont nourris de viandes sa- 
lves, et plusou moins vieilles, de haricots rouges, de pain 
deinais, de plusieu^rs esp&ces debananes comme legumes, 
de Sucre non raffing et d'une purde de mais avec de la 
cendre appel^e « mazamorra ». Cetle nourriture fatigue k la 
longue le syst^me digestif. Les dilatations d'estomac sont 
tr6s fr^quentes, et les fermentations gastro-intestinales 
produisent des substances nocives, qui, absorb^es, sont 
6limin^es par la peau, en Tirritant et en affaiblissent sa 
force de resistance d^j^i bien^prouv^e par I'accroissement 
exag^r^ de ses fonctions physiologiques, sous un climat 
embras6, oA Ton transpire toujours. 

C'est une croyance populaire que les viandes d'iguane, 
de lion rouge, en g^n^ral, les viandes provenant de la 
chasse des animaux particuliers aux forAts qui entourent 
ies grands fleuves des regions torrides, produisent les ca- 
ratis. Probablement les graisses fermenties decea viandes 
s'iliminent par la peau, comme I'huile ranee du maifs et 
rirri(ent en la pr6disposant aux caral^s. Certains condi- 
ments, tr6s employes sous les tropiques, comme les pi- 
ments, ont un effet analogue. 

Les gens les plus exposes sont les p^ons des « hacien- 
das de terrcs chaudes », ceux des mines, les muletiers, 
les baleliers, et, en g^niral, tons ceux que leur metier 
expose friquemment aux rayons du soleil, aiix trauma tis- 
mes, divers et r^p^t^s, par les broussailles, les cailloux 
tranchants des ruisseaux des mines, et surtout aux piqil- 
res des moustiques du genre Simulinm^ connus sous le 
nom de « gegen » ou « mosquitos ». 



Digitized by 



ILn'exbia pas d'immunild de race; mais on remarque 
que lea diijets de sang pur. semblenl mmm ij^rmris 
par les caratds. Les blaocs de race pure, las itidiens aa* 
tochtones et les ndgres du plus bel 6hhne peuvent fetre 
atteiiils, mnis ne le sont qu'exceptionnellenient, et seule- 
ment quaiid ils ont t4e lonyleuips soumis aux causes pn^- 
disposanles, ou out habile longtemps les foyers de cara- 
tin, Ches les blancs, on le voit, par exemple, chez les 
€ hacendadoi % les propriiiaires des hfjmnm€ haeien- 
das » d'engraissage de b^tail, silu^es sur les bords 
des rividrea des r^ions cbaudes, qui s'exposent au so- 
leil;.OQ ohez oeux qui travaiUeiit eux*m6ines dans les pft« 
taragesi ae liTreni k la ebasse ; ou encore, chez leaUanca 
qui exercent la profession de muletiers, et parcourent k 
pieds nus, sou vent sous un soleil hrillanl, uue yrande 
etendue de terriloire. Le cara'e quiailecte les blancs qui 
s'exposent ainsi, eai ie violet bleudtre ou rouge^lre. Le 
caral^ rouge [)ur esl aurtoul una maladie urbaine^ de 
rombre, et se rencontre chez les gens d^une certame at- 
aance> blanes ou mdtii* 

Lea earat^a qui atleiguent ies noirs de race pure,, 
aont le caraei^ noir-encre de Chine, et le carats blaoc 
vrai, seuls ou associ^s, maladies cliniquement et mycolo- 
igiquement dilFerentes de^ autres carates, qni seiiihlent 
autochtones, tandis que les carates noir et, hlanc seraient 
imporl^s et exotiques. Les nSgres de race Itig^rement 
m^I^e, aont bleu plus pr6dispos^s que tous autrea & 

fmtraeter lea diffirents caratla, et ap^cialeinent, le noir 

dolac^* 

Les m^tia des trois races, blanche, n^gre et cuivr^Ci 
Moaloya » ft 
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sont le v^rilable terrain de choix des carat^s violets. 
Chez eux, la maladie se generalise et dure ordinairement 
autant que le sujet qui en est porteur. 

Nous devons faire une exception pour les albinos des 
races de couleur, qui sont r^fractaires k toutes sortes de 
carat^s et peuvent travailler, pendant des ann^es, dans 
les mines et dans les foyers de carats, sans qu'ils en 
soient alteints, m^nric de la vari^tt^ rouye, qui a une pre- 
dilection si m^rqu6e pour les peaux blanches. 

Les europ^ens sont aussi tr6s r^fractaires, et seul un 
long s^jour dans les reijions infecl6es, et la diminution de 
resistance de la peau par les rayons solaires, ou les eaux 
sulfat6esdes mines, peuveni leur faire perdre leur immu- 
nity. 11 se developpe alors une plaque de carate d'aspect 
circine, tricophytoi'de, qui reste localisee pendant des 
ann^es, sans aucune tendance k se generaliser. 

Le sexe n'a.pas d'influcnce, et si les femmes s'exposenl 
aux causes qui, chez I'homme, diminueni la resistance de 
la peau (mulitresses qui travaillent dans les mines, cui- 
siniires, blanchisseuses en plein air), elles auront vite le 
ci^nie qu'elles garderont en general indefmiment, faute 
de Iraitement. 

Les carates font ordinnii ement leur apparition & Ttlge 
de 15 a 25 ans, epoque qui, chez Thomme comme chez 
la femme, coincide avcc un changement de vie. Les gens 
du peuple developpent, k ce moment, une plus grande 
activite, se livrent k des occupations plus ou moins peni- 
bles, dans les mines, ou dans les champs de labour et 
quitle:it leurs parents, pour vivre de leur propre travail. 

Chez les enfants des montagnards, qui se promenent 




ordinairaiMnt aus* m soleil et dans les fourris, jusqu'^i 
Vige de 5 it 8 aM, rapparition dcs carat^s est plus pr6- 
e0C0f el I'on peut le voir k Tjiije de 8 10 ans, excep- 
lionaeUemeiit ft 3 oa 4 aos. Les vrais carat^s cryploga- 
nuques ne ioot pas h^riditaires et ne se rencontrent pas 
chez les nouveauHnis. 

L'influence des saisons (saison des pluies et 6t6, sous 
les Iropiques) siir ra[j[)arition des caratis, I'aggravalion 
des syniptomes ou rauguientation de la chromog^nese, 
paratt nulla. 

Les mendiaiits, malgr^ leur salet<^, et leurs v^tements 
sordideSy v^j soai pas plus exposes pour cela, leur pa- 
resse les poussani k rester abrit^s k i'ombre, tandis 
qu'au contraire, les tra?ailleurs, qui passent la Journ^e 
au soleil ou dans les eaux des mines, occup^s a un tra- 
vail p6iuble, y sont plus sensibles, m^me quand ils jouis- 
sent dnns leurs foyers d'un certaiu confortable. Le carat6 
rouge, dont soat atleiats quelques reprisentants &gis de 
la elasse riche, leur vient de T^peque de leur vie, ou ils 
out ddpIoy6 toute leur activity physique et morale, pour 
se cr^er une situation. 

Les neuf ddpartemenls de Colombie nous offrent diver- 
ses especes de caratds, dont quelques-unes prtidomincnt 
dans certaines regions, k Texclusion des autres. 

Le departement dWtitiorjuia passe pour^tre peu 6prou» 
ve, Ol^ compte cependaut 4 0/0 de la population, en 
inoyenne, cornme [ra[)pee de la maladie, ce qui repr6- 
sente, pour ce seul departement, un total de 20.000 « ca- 
ratejos » et, pour toute la R^publique columbienne, au 
moias ^.000« 
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Dans le dt^partement d'Antioquia, il existe des villages 
a leinptJralure tris <^lev^e, situ^s k proximity de cer- 
tains fleuves (le Cauca, le Maydalena, le Force) et dans 
lesquels les gens de couleur, qui n'ont pas le carats, sont 
rexcepiion ; les rares blancs qui y demeurent, ont fri- 
quemment, eux-m^mes, ces dermatoses k forme tricophy- 
toi'de. Citons dans ce cas, les localit^s de San Geronimo, 
Sopelran, Cruces de ('aceres, Zaragoza, Remedios, etc. 

En r^suni^, nous compterons comme causes pr^dispo- 
santes les suivantcs : 

l'»Erytlieme solaire. Lieux chauds et humides. 

2" Frotleraents et ^gratignures par les broussailles. 

3° Maceration de Tiipiderme par un sijour prolong^ 
dans I'eau. 

4** Action corrosive et Jissurante des eaux sulfat^es et 
calcaires, et des bains pris habituellement dans les eaux 
des mines d'or et d'argenl. 

5** Habitude de travailler, les pieds, jambes et bras 
nus, et le tronc couvert seulement d'une chemise de co- 
ton, largement ouverte sur le devant. 

0^ J *ation continue, sur une peau malpropre, chez 
des gens qui changent rareraent de linge de corps. 

7" Alimentation defectueuse, dont plusieurs substances 
plus ou moins volaliles, s'^liminent par la peau, en aug- 
mentant Texfoliation ^pidermique. 

B'^'flroisement et m^tisage des races. 
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CAUSES DETEAMIN ANTES. 



D'aprSs nos recherches, les carales sont des dermrito' 
mycoses produites par des champignons k forme asper- 
gilloide, dediverses especes, et que I'on retrouve, toujours 
el facilemenl, k I'examen microscopique des squames 
6pidermiques des carales, par les procides que nous 
allons d^crire. 



Examen microscopique des sf/uames des caratrs. 

1° Prendre sur une lame de vcrre quelques squames 
minces de carats. 

2" Verser dessus, une goutle de solution aqueuse 
de potasse, k 40 grammes de potasse caustique pour 60 
grammes d'eau distill6e. 

3° Recouvrir d'une lamelle. 

4° Chauffer doucement a la flamme pendant quelques 
secondes, sans aller jusqu'iji r^bullifioii. 

5° Examiner au microscope, avec un oculaire n® 3 et 
un objectif n** 7, en fermant prc*s]ue le diaphragcne iris. 

Voici ce que Ton aper^oit : 

Entre les cellules 6pidermiques, sont de longs filaments 
dichotomiques, g6neralement Ires fins, lisse?:, rvlindri- 
ques, et dans certaines conditions, granuleux, et en cha- 
pelet. Dans quelques points, ils formentuii reticulum serr6 
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comme s'ils^agissaitd'une culture artificielle. De ce r^seau, 
on voit sortir des filaments, deux ou trois fois plus gros, 
viritables cables composes de deux, Irois ou quatre fins 
myceliums, que Ton distingue parfai(ement, par un I^ger 
d^placement de la vis microm6trique de niise au point. 
Dans d'autres endroils, on voit 6merger par dichotomie 
d'un fi'ament mince, une branchecourte et d'une grosseur 
double. Gette branche se termine, ordinairement, par un 
fruit relativement volumineux et carkct^rislique de Tes- 
pec€ de carats que Ton examine. 

En g^n^ral, les hyphes, ou tiges coiirtes fructif6res, 
semblent se terminer par une iHe ou renflement piri- 
forme ou (rianguktire, couronn^e par une seule rangee 
de' cinq ou six st6rigmates, qui soutiennent, chacune, un 
chapelet de 3, 4, ou 5 spores. Ces spores sont deux pu 
trois fois plus volumineuses que les myceliums radicu- 
laires, et toujours, de forme sph^roidale. Quand on vient 
a faire tourner leg^rement la vis microm^trique, on re- 
marque que chaque spore est form6 d'un protoplasma, 
et d'un nucleus nlus fonce. 

Quand on examine des squames de carat(is tres vieux, 
(AOk 60 ans), il arrive que Ton voit seulement des fila- 
ments granuleux, excessivement minces, plus ou moins 
ondul6s et d'une longueur extreme. Plusieurs n'ont d'au- 
tres limites que celles de la preparation. Ces myc^Hums 
sont toujours dichotomiques et ne portent de fruits que 
tr^s rarement, et en petit noinbre; alors les tiges ou 
hyphes fructif^res sont aussi minces que les myceliums 
radiculaires, et le fruit, lui-m^me, tout en gardant ses 
caract^res, est petit et chetif, comme la derni^re pousse 
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d'une plante qai se me iirt d'^puisemeat et de vieil- 

Dans les teaiUes des carat£s IrAs jeuncs, les filaments 
myc^liens sont trds rares, (jros, et en ydneral pas Ires 
lonfjs, avec des hranclies dicholomiquos coiirles, <Ies hy- 
phes (j losses, ler minces par nn rennement en massue 
ou pirilbrme, et qui supporte Ires rarcmeiit des 
spores. y 

Dans oertains endroits on voU des amas de corps en 
massue ou en raquette, ipelques-uiis sans connexion ap- 
parenie aree le ^yc^Mum el d'auiresi ternun^s par un 
court filament qui montre (^uelquefois un commencement 
de dichotomic. 

Ces amas de corps (mi rafpielte rcssemhient fpielquc 
pen a des cellules canrereusos. nuelquelbis ces elements 
oat le volume des uoyaux celluiaires, et comme eux, 
sout plus foneia et preanent mieux les couleurs. Mais on 
les en distingue faeilement par leur polymorphisme, et 
leor distribution en amas irr6(juliers. De plus ces corps 
ne sont pas solubles dans la potasse, comme Ics cellules 
animales. 

Dans les carates adulttjs (10 a lli) ans), les filaments 
myceliaux et, les fruits complets vi caracteris(if|nes de 
chaque espece sont tres al)OiKlanLs dans les si[uarnrs. 

Tout CO qui [)rcr<Nle est specialement appliccible aux 
carat^s: violet, ruurje, bleu et noir-violace. 



HI 
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Fig. 1 

1. Garat6 rouge. 

2. Carate. Doir-violace. 

3. Carate vioIel>ceodre. 
4 Carate bleu. 



La figure n** 1 nous monlre quatre preparations de 
aguames de divers caralt^s, dessinees k la chambre claire 
(Oc. III. Obj. 7 Leitz) en ne reproduisant que la vegd- 
talion cryptogamique avec ses fruits. Elle nous fait voir, 
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r^QQtes BUT mm m^nm phmhe, pour Boleux fsdre resMF- 
tir la difference des esp^ees, lei fruits el les spores ^des 
qualre prinoipaux caratis avec Jeur aspect caract^rk- 
tiqoe. 



1* Placer les squames snr un verre de moiitre. 

2" Yerser m pen d-ainiiioniaciae, et laisser quelques 
minutes pour ddgraisser. 

3* Retirer Paiumoiiiaque ; Terser nn peu d'MOol satur^ 
,d'acide picrique, et ajouter 4 a 5 (jouites d'acide ac^tique, 

4"* Laisser cinq minutes; puis laver k I'eau distill6e, 
(mais CO lavage n'est pas indispensable). 

rv Monler a sec ; placeu*, sur la lanielle coiivre-ubjet, 
una deuxieme lame de verre et, en appuyant la prepara- 
tion sur la table, presser arec LesT doigts, ea faisant glis* 
ser la lame sup^rieure pour dissocier les squames. Quand 
ce r^sullat paratt bien atteinti luter la preparation k la 
parafiine. 

Sur dix [(reparations faites par ce procede, on en 
obtient facilement deux ou trois, qui montrent bien, 
les plus fins r^seaux mycdiiaux, EUes sont excellentes 
pour la pholographie. 

Le defaul de ce proo6de est de ne montrer que les 
myceliums, parce que les frnits sont souvent abtm^s par 
le glissement et la pression^ bien qu'avec une ct^rtaine 
habitude^ on arrive k avoir des .fruits complets. 



L'acide picrique agit en durcissant le mycelium, qui 
est parfois tres frayile, et se r^duirait en fines granula- 
tions. • 

L'acide ac^lique fixe et durcit les fruits avec leurs spo- 
res. 

Ges preparations doivent 6tre examinees en ferraaiit 
un peu le diaphragme. On voit ainsi bien mieux les de- 
tails. L'emplci dc la lumiere artificielle est preferable. 

La figure n° 2 a 6ie oblenue de cette I'a^on. Elie raoii- 
Ire le myc6lium granuleux, souffreteux, sans fruits, d'un 
carat6 violet-cendre Ag6 de 40 ans. 

Coloration elective au bleu polychrome (TUnna. 

1° Choisir des squames minces, que Ton met dans uii 
verre de montre. 
2** D^graisser k Tether. 

3" Vcrser un peu d'alcool aboolu, avec 5 a 10 goultes 
d'acidc ac^tique cristallisable. Laisser cinq minutes. 

4*" Laver abondamment k Palcool absolu. 

5° Bien ^goutter, et verser dans un demi-verre d'eau 
filtree, 2 ou 3 gouttes de bleu polychrome. 

6® I^isscr dans le bleu, de cinq k dix minutes. 

T** Laver a I'alcool absolu, jusqu'^i ce que celui-ci sorte 
incolore ; 

8^ Passer au xylol, pour 6clyircir ; 

9* Monter au baume du Canada, dissous dans le xylol. 

Cette methode de coloration donne les raeilleurs r^sul- 
tats. Les filaments myceliaux et les fruits prennent 6ga- 
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lemtot Mb him ie edooinl* De plus, I'aeide aclliqoe 
darciftsrat et flxant les spores, on To»t les fmiU eom^ 
plefpS. C'esi aiasi qa'a it6 obtenue la preparation de la 
fig. a* 5 qui repr^senia une squame deearat^ violeb-UeuA* 
Ire, en plein d^reloppement. Ce( aspect du mycelto*!! (I 
des fruils est pour ainsi dire, le type g^a^ral des aatre i 
carafes. . 

Double cohrafion, 

1* Faire subir aux sqi'Dcnes do carats totites les ntatii-* 
pulations indiqu^e^ dans ie procedd pricMent, jusqu'au 
septi^me lemps, inclusivemeat. 

^ Verser sur tes squ^mes vn denii-%'erre de moiitre 
d'alcool absolu, et ajouter une k deax goatCes d'alcool 
picrique satur6. 

3" Laisser une a deux minules; 

4° Laver ahoiidanimeiil a raicool absolu; 

5° Bieri passer au xylol j 

0* Mofiler au baame. 

Les preparations ainsi obtemies sont f <'ds demoQstrati<* 
ves; Ie mycelium et ses fruits sont eolor^s en bleu, tandis 
que le fond est colore en jaune p-lle. Mais c'cst un procede 
deiicat, parce fjiie Varule picrique, en exces, prec«pite 
en flocons ie bleu polychrome. La preparation presente 
alors une teinte verl emeraude uniforme et est complete- 
meiit lloue* 
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Coloration d la thionine. 



Digraisser k Tether ; 
2** Laver k Talcool absolu ; 

S** Verser dans uii demi-verre de montre d'eau disUU^e 
filtr^e, deux k trois gouttes de (hionine phiniqu^e dc 
NicoUe, at bfen m^laiiger ; 

4° Laisser de cinq k vingt minutes; 

5° Laver k Talcool absolu, jusqu'i ce qu'il n'entra'iie 
plus de bleu ; 

6° Et-laircir au xylol ; 

7" Monter au baume, et conse'rver k Pabri de la lu- 
mi6re. 

Un proc6d^. qui donne de raeilleurs r6sultats, consiste 
k laisser les squames dans une solution aqueuse tr^s di- 
lute de tliionine, pendant 12 a 24 heure^, sous cloche 
humide pour ivitcr Tivaporation. Oii obtient ainsi d'aussi 
belles preparations qu'avec.le bleu d'Unna. M?is, elles 
finissent k la longue par se dicolorer, surtout si on ne 
les met pas k Tabri de la lumi^re. 



Le bleu boral6, employ^ de la mAme fagon que lalhio- 
nine, donne de bons risultals, el les preparations se gar- 
dent bien. 

Les solutions aqueuses dilutes, et legfirement chauff6<is 



Autres colorants. 
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de violet de gentiane et de dahlia colorent qiielques my- 
celiums. 

Les couleurs rouges ne conviennent pas aux c'lampi- 
gnons des carates. 

Le Gram ne les colore que d'uae maniire trfis irrigu- 
liire en g^n^ral. 

Disons en terminant qae les preparations colorizes de 
caraie noir-violac^ ipontrent de longs', mais tr6s rares 
filaments,, tandis que celles des carates violets, rouges et 
bleus, ont un r^seau myc^Hen trAs abondant. Les cellules 
epidermiques, dans le carat6 noir-violac^ sont recou- 
vertespar une abondante poussiire poisseuse, ou cireuse, 
de couleur brune. 



MILIEUX DE CULTURE 

Celui qui convient le mieux aux champignons des cara- 
tes est la g^lose peptonis^e, glyc^rin^e k 4 0/0. Apris, 
vient la gdlose au modt de bi^re. 

Les milieux doivent 6tre legirement acides, et on ne 
doit pas les alcaliniser au carbonate de soude. II est 
aussi inutile d'ajouter un acide quelconque. 

La pomme de terre est aussi un bon milieu. 

Tons les champignons aspergilloTdes des carates se 
d^veloppent tr^s jaien sur la g^Iose, k 1/1000 de sulfate 
de fer, de cuivre, ou m6me de zinc, comma pouvaient 
djreste le faire pr^voir les conditions de d^veloppement 
d^s carates chez les mineurs. 
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Le 1 [guide de Rauliu n'est pas sup^rieur aux milieux 
giyc6rin6s, et m&me, quelques champignons y poussent 
maly ou ne poussent pas du (out. 

Pour les cultures en goutte suspendue, le meilleur est 
le bouillon peptonis^ glyc^rin^. 

Temperature des cultures. 

» 

Les cultures des caratis poussent tres bien eijtre 33** 
et35* cenligrades, plut6t SO'^C; jusqu'i 40° C. ils poussent 
encore^ mais moins bien. Au del^ de 40"*^ ils commencent 
k pericliter et restenl statiomiaires. De 15° C. k 20° C. la 
y6g(itation se fait, mais lentement. II en est de m6me de 
10° k 15° mais encore plus Lntement. De 5° C. k 10« C. 
les moisissures qui se rapprochent le plus des Peaicil^ 
liums^ continuenl seules k pousser. Mais le d^veloppe- 
ment des vrais Aspergillus est arrAt^. 

Mode <V ensemeacement. 

1° Placer sur une lame de verre st^rilis^e quelques 
squames de carats. 

2' Les r^duire presque en poussit^re, au moyen de deux 
aiguilles en fer de lancCy pass^es k la flamme. 

3° Prendre de la main gauche un tube de g^lose gly- 
c<5rin(5e, et flamber le bouchon ; de la main droite, armee 
de la loiiguc aiguille en lance de Sabouraud, (bien 
st6rilis<5e k la flamme et refroidie) prendre une parcclle 
de poussi^ie de carats. 
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Avec le petit doigt de la main droite, reph'6, pren- 
dre le boiiolioii de coUm, ea tenant le tube incline en bas ; 
inlrodnire raiguille^ el fdure au centre une ligne d'ense- 
mencemenls successifs, espacis d'un &deux centimetres ; 
puis k edl£, sai* Its bords, deux autres series, alternant 
en quinconce, avec les premieres. 

5" Flamber rextr6mil6 du tube et replacer le bouchon ; 

6'' Laisser k une temp(^ra(ure de 18° k 25''. 

Lnc temperature superieurc fait pousser trAs rapide- 
ment les microcoques ou les bact^ries saprophytes trAs 
abondantes sur la peau des « caratejos » en emp^chant 
Tapparition des colonies cryptogamiques des carat6s;ou, 
si elles ont commence k se d^velopper, en les ^touflfant 
rapidement, .surtout si Ton a plac6 les tubes k T^tuve 
37''. En 6t6, le proc^d6 de choix est de laisser les cultu- 
res se faire a la temperature du laboratoire. 

La purification el le r^ensemencement des cultures se 
font comme d'ordinaire sur les glioses, glyc^rin^e ou 
maltos^e. 

Quand les colonies cryptogamiques seront pures, on 
les placera k I'^tuve entre 30° et 35« pour obtenir une 
croissance plus rapide et un d^veloppement plus abon- 
dant. 

Un autre proc^d^ , qui est excellent, pour certains cara- 
tis, parce que Ton 6vite les microbes saprophytes, 
est celui qui consiste k ensemencer les squames sur des 
tubes k essai, remplis au quart de liquide de Raulin, en 
laissaut le tout k la temperature du laboratoire. On pent 
aussi se servir avec avantage de g61ose au liquide de 
Raulin. 
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D'une fa^on ginivale les colonies de caratis ne com- 
mencent k se montrer que du dixiAme au quinzijime jour, 
ce qui explque pourquoi les saprophytes banaux de la 
peau (bact^ries et champignons) nuisent lant k leur cul- 
ture. 

Les meiileurs carat^s pour I'ensemencement sont ceux 
qui sont en plein diveloppement (10 k 20 ans), parce 
qu'ils portent inorra^ment de fruits sporulis ; da|ps ces 
conditions, on obtient le champignon pathog^ne pur d'em- 
bl6e, et dans tons les ensemencements. 

Ordinairement dans les jeunes carat^s (1^2 ans), il 
faut ensemencer dix ou vingt tubes d'un coup, pour avoir 
quelques rares colonies sur trois ou quatre tubes, ce qui 
paralt dtl k ce que les fruits sont en grande partie incom- 
plets, et ne portent pas encore de spores. 

Dans les vieux caratis de 40 k 50 ans, c'est un verita- 
ble chaos, et en plus des champignons pathog6nes, on 
voit successivement apparaitre (mime jusqu^au deuxi^me 
mois), une s^rie de muc^dinees banales, qui vivent en sa- 
prophytes sur la peau malpropre des vieillardsatteints de 
carats, dont beaucoup n'ont pas pris de bains depuis plus 
de dix ans. Oii y rencontre encore une douzaine de for- 
mes varices de bacteries, de microcoques vulgaires, mais 
ces micro-organismes ne sont pas palhog^nes, pour les 
lapins et les cobayes, m6me en injections intrapiri- 
toniales. 

Les caralAs r^cents, et Ics carat^s anciens sont done 
peu favorables k I'^tude. 
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Aspect de$ cultures. Morphologies 



Carate oiolet^endvi* 

Les cuitures oe graupe res&emblent comme oouleur 
et comme forme, m% colonies de Pimcillium^ ^itrand 
elles soul ciilttvied siir gdtose aii mddt de bi^re ou sur 
i;ilose peptonistie ei glyc^f iii^e ^ 4 0/0, alcalinis^e ou non- 
La couleur dednitive cn est (jris-violacee, et quelquefois 
violet ccndr^. La g^lose glyc6rin6e se colore I6g6rement 
en rose. 

La culture presente un aspect laineux, court, crepu, el 
blaiio an d^but. Puis elle prend itne teiute glauque, et, 
fiQalesneni tiolette* Les colonies soat gdn^ralement pla- 
nes, croissent rapidemeQl» au point de courrir^ en pen de 
jours, ionte ia surface du milieu nutritif. Les cultures 
vieiDes j^isenteni des mamelbns ros^s ; en plus la mem- 
brane mjcdlienne adh^rente k la g6Iose gljc£rin4e prend 
une teinte rosde. 

Dans le bouillon rflycdriiie, il se forme une bourse ir- 
r^guiiere dont le fond presente une multitude de tuber- 
coles lissei el blanchttres, et le bouillon prend la couleur 
jaune de raeide picrique* 

Des squames du m6me caratd riolet-cendr^^ mais pro-* 
irenant de localit^s difiSi rentes, donnent des colonies 
fifontoya 9 
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saillantes, d'une couleur p^le, lisse et d'aspect huraide. 
Avec le temps, elles se couvrent d'uii duvet court, fris<5, 
et dc couleur violelle. La culture sur bouillou glycirini 
prend le mSme aspect que cclui.dcji\ dicrit, et le liquide 
se colore en jaune. Les champignons qui donnent ces 
cultures se rapprochent du genre Pem'cil Hum. 




Fig. 1 6iv. 

Cullure de 10 jours d'un carafe violel-cendr^ de Heircdios, dessine avec 
Oc. Ill, et Obj. 8 Verick. 
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Nous venons de donner les caracteres macroscoplques 
des cultures. Nous allons en d^crire maintenaut la mor- 
phologic aiicroscopique. 

Nous trouvons iei un mycelium radiculaire rampant et 
plus Oil mains grannleux ; des filaments courts plus gros, 
porlani des pinceaux de spores lisses. Ces chapelets de 
spores se dissoeient arec une grandc Tacilit^, et le fruit 
deviant m<teoafta!s#abIe^ eei{ui n^arrive pas pour lesvrais 
Asperffi//ff^, dont les fruits son! plus fermes, et dont il 
resle loujours l:i t^le, avec quelques spores. En tons cas 
c'esl la forme des carates, qui se rapproche le plus des 
PenicilliumSj et nous la donnons sous toutes reser- 
ves. 

La figure n** 1 his reprdiieEite «ne culture de dix jours, 
en goiitl^ snspendbe, d'lm carai^ violet-cendrd, prove- 
na&i des mines de Remedies. EUe a 6te dessin^e, d'apr^s 
nature, avec Toculaire III et I'objectif 8 de V^rick. On 
ne voil que des filaments fertiles assez gros, avec de 
courtes hyphes sporifftres^ portant des fruits k plusieurs 
degrcs de dcveloppement. 

La figure n"" 2 represente uiie squame 6pidermique dis- 
sociee du nieme carate, colore^ a Tacide picrique. On 
voit un fin reticulum de mycelium radiculaire sterile. Les 
filaments sont granoleux el d'une extreme finesse. II n'y 
a pas un fruit* Sur plus de 200 preparations de ce carats, 
il ne nous a dti possible de voir que quelques fruits chd- 
lifs et d^form^s. Le fait s'explique par la longue dur^e, 
(quarante aas) de la maladiei le ehampignon ne produi* 
sani plus de fruits quand il est tris vieux ; et peut-6tre 
aussi, parce que les manipulations de Ta coloration abt- 
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ment le peu de fruits C£vii restent dans ces formes p^ni- 
cilloTdes, qui sont ires diiUcales et se dissocienf. avec 
ne extreme facility. 
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Carai^ violet par. 

Ce groupe nous a paru^ jusqa'ji presentj exclusiv ement 
produil par dtverses espdees oo varii&tis A'Aspergillm 
typiqaM* Les coloiiied, m Mhai^ sunt lisses^ d'une couleur 
pile; puis, elles se eourrent, au centre, d'un duret bhnci 
k filamenta raidea^ qui eurabit plus lard loute la colonie 
qui passe alors, en enliery k la couleur glauque, en com^ 
mengant par le centre. La nuance finale est violette. 

Dans rerfaines ocrnsions, sur la rfelose fjlyreriifee, les 
colonies a (lu\ el Miiiic ile\ iennent rosees et couvrenl tout 
le milieu," en conservant cette couleur, et en formant un 
tapis onduU qui feudille la g^Iose, et la leintent en rose. 
Cea cultures^ d'un rose couleur de ehatr, ae couvreut en 
partie de pelits points yerts discrets. Sur le bouillon gly- 
c<riii6» 3 ae forme k la partie sup^rieure une bourse 
irr^qulidre et sinueusc qui se recouvre d'unc poudre 
violaceej ef le liquide devient conleur de caramel. 
• Les colonies de ces Asprrrj 1/ las varient dc couleur 
selon la composition du milieii. ou on les cultive. 

I>es carates violets, dautres provenances, donnent une 
culture qui^ blanche au eommencemeiity de?ient ensuite 
▼arte, el en a'dtendant, forme des plis un peii satUants. 
Gelte couleur Tarte est trds persistante. Chez les vieilles 
cultures elle eat remplac^e par une couleur vert sombre. 

La g6lose rj1yc6nn6e devient couleur caramel. 

Les colonies de cet Aspergillas ne changent pas de 
couleur, selon les dilT^rents milieux. 

Certains autres carates donaent des colonics d'un blanc 
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d'herinine, saillantes et ondulies, qui se couvrent, par 
la suite, de petites spheres roses, ver(es, ou glauques, de 
fa5on i presenter Taspect d'une lame de cuivre chauff^e au 
feu. En general, la teinte rose predomine. Get aspect est 
constant et d^finitif, et non pas occasionnel, et dA k un 
simple pl^omorphisme. Ce champignon donne k la g6lose 
glyc6rin6e une couleur de gel^e de groseille. 

En plus il pent prendre un aspect pl6omorpfae dilKrent, 
et, dans ce cas, les colonies sont compos^es d'un duvet 
gros, d'un blanc de sucre ou de cristal, ct d'un aspect 
humide et lisse. En vieillissant, elles s^chenl et se tein- 
tent en rose. La morphologie est cclle qu'indique la gra- 
vure ci-jointe. 

La figure 3 repr^sente une culture en goutte suspen- 
due, dgie de dix jours, provenant d'un carats violet 
hyperk^ratinisant, des mines de chaux d'Armenia. Lc 
grossissement est le m^me que pr6c6demment. On voit de 
minces filaments rampants, plus ou moins cloisonnes, 
dichotomiques et Ir^s longs, qui s'dpaississent subitement 
et donnent naissance k des hyphes tres grosses et tr^s 
fortes, terminecs par une t6te volumineuse entouree par- 
tout de cbapelets de spores lisses Ir^s petites et presquc 
sans protoplasma. On voit de plus quelques dlats incom- 
plets de fructification, et de courts st^rigmates, disposes 
sur une iHe qui ne porte pas encore des spores. Certains 
myceliums radiculaires s'enroulent en spire, formant une 
ebauche de p^rith^que. Les hyphes sporif^res sont lisses 
et non cloisonn^es. 
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Fig. 3 

i: lUure de 10 jours cn ycutle suspendue d'un caralc violet des mines 
dc chaux d'Annenia. 

Caratc oiolet-b/eudtre. 

Les colonies sont ici d'une coiileur vert glauque, en 
general dt^s le d6but, qui persiste dans lous les milieux 
et ue change presque pas en vieillissant. 
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Ces colonies se d^veloppent et s'^tendent lentement, en 
forinant des collines tr^s saillantes et ondul^es, et dars 
quelques occasions, des plis lisses, jaunes, favoi'des. La 
g^Iose ne se colore pas. 




Fig. 4 

Culture do 20 jours en goutte suspendue, provenanl d'un carale violel 
bleudlrc deQuebraditas. 
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DftM le iioiiSloii gl} c6rin69 ce champignon produit une 
bourse de fond irrigulier et fissur^. Le liquide ne se 
teinte pas. 

A la partie supirieure du verre se depose une poudre 
verte, iris fine, en mSme temps que se dfiveloppe un r^- 
seau de tr^s minces filaments. Cetle catigorie de cultures 
provient d'un des carat^s les plus frequents de tout le 
d^partement d'Antioquia. 

Ce champignon est une espice interm^diaire entre les 
Penicilliums et les Aspergillus^ mais, plutdt, un Asper- 
gilluSy d'aprAs Topinion du professeur Van Tieghem. 

La figure n° 4 reprisenle une culture de 20 jours, d'un 
de cescarat^s provenant de Quebraditas.On voit de longs 
filaments de mycelium radiculaire, profus6ment dichoto- 
miques. Sur eux et plus superficiellement, des filaments 
fertiles, plus gros et articul^s, ou s6par6s par des stries, 
qui ne prennent pas la couleur. Ges filaments supportent 
des hyphes, lermin^espar une tSte petite, triangulaire ou 
piriforme, munie d'une rang^e de st6rigmates, qui sou- 
tiennent des chapelets, tr^s longs sur les fruits adultes, 
de spores lisses nucl^6es, et munies d'un protoplasma 
tr^s apparent. Ces spores sont plac^es en files paralliles, 
de fa^on que Tensemble forme un paquet rectangulaire 
dans les fruits adultes. Mais, dans les petits fruits diver- 
gents i Textrimit^ finale, ils offrent plutdt Taspect d*un 
triangle. II est k remskrquer qu'i mesure que les cul- 
tures sont plus vieilles et les fruits plus d6velopp6s, la 
t6te devient plus grosse, et le fruit acquiert d'une fa^on 
nette I'aspect dW Aspergillus, La figure n"" 5 repr^sente 
une squame 6pidermique du m^me carats. Le d^veloppe- 
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meiit des fruits resteiiicomplet sur la peau, mais ils sont 
parfaitement reconnaissables. II faut noter aussi que les 
fruits sont plus solideset rt^sistent tr^s bien aux manipu- 
lations pour les colorer. 

Sur les squames, on voit beaucoup de corps triangu- 
laires qui ne sont que le support basidial des spores qui 
n^ont pas encore pouss6. 




Fig. 5 

Squame ^pidermique d'un caral^ violet-bleu Aire provcnant de Ouebradilas. 
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Carats violet-brun. 



Les colonies de ce carat6 sont brun clair ou amadou, 
d^s le d6but, et la couleur persiste dans tons les milieux 
et d'une fa9on ind^finie. EUes sont en relief et constituent 
des colonies c6r6briformes d'accroissement lent. Souvent 
les vieilles colonies prennent un aspect pl6omorphe lisse, 
jaune, comme les colonies de certains favus; sur la limite 
du verre et de la g^lose, elles forment un velouti long et 
lisse, qui envahit une partie du verre, et reste ensuite 
slationnaire. Presque toujours, aux limites de la colonic 
primitive, en apparaissent d'autres plus petites.Ce carac- 
ihvQ est constant et tipique. 

La gilose glyciriu^e, dans les vieilles cultures prend 
une couleur brune. 

Sur le bouillon glyc^rin6, il se forme une bourse r6gu- 
li^re, k fond lisse, de couleur brun claire, et dont la par- 
tie sup6rieure se recouvre d'une fine poussiire couleur 
ocre ou brique. Des filaments tres fins, presque impercep- 
tibles, envahissent le verre, et le liquide reste transparent 
et devient rouge fonc6. Les vieilles cultures sur bouillon 
glyc6rin6 prennent une couleur brun violet presque noir 
et le liquide ressemble k de Tencre. 

Pes colonies de ce champignon peuvent s'associer aux 
colonies glauques des caratds violet-bleudtres et produire 
une culture cendr^e ou blanchdtre mixte, el dont il est 
tr6s difficile d'isoler les deux composants. Ges associa- 
tions se rencontrent dans la majeure partie des caratis 
polychromes et un mdme individu donne des colonies 
glauques, brunes, et m^Iang^es. Dans certains cas, les 
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colonies glauques forment les 90/100, ct le reste est 
brun. Dans d'autres, la proportion est inverse, suivant la 
couleur des laches pridoininantes dans la forme multi- 
colore ou polychrome des carat^s. Les carat^s multico- 
lores, qui donnent ces esp^ces de cultures, sont tr^s 
frequents dans le dipartement d'Antioquia. 

En goutte suspendue, les cultures ne donnent, m£me an 
jour, que des fruits incomplets, en chapelets de 
grosses spores, comme les Monilia. Mais, si Ton cultive 
le champignon dans un tube k essai sur du bouillon gly- 
cirini, un mois ou deux apres Tensemencement, sur la 
v6g6tation qni se forme sur les parois du verre apparais- 
sent de petites spheres jaunes, qui ne sont autres que 
des grosses tfttesd'un AspergillusijY>\(\\xt. Ce fait esttr^s 
important au point de vue de la classification botanique. 

Car ate bleu 

Les colonies s'accroissent avec une extreme lenteur ; 
au d^but, d'une couleur p^le, elles se couvrentplus tard, 
d'un vernis bleu, adherent, qui atteint rarement les pro- 
portions d'un duvet court et discret. Ces colonies sont 
toujours saillantes, plus ou moins acumin^es. Les vieillcs 
cultures se couvrent ou se couronnent de replis lisses, 
jaunes, de couleur vieil ivoire, d'aspect humide et c6r^- 
briforme, comme les cultures de certains favus. Celte vi- 
g^tation pl6omorphe apparait k la fui, quand le milieu est 
ipuis6, ou d6s le d6but, quand le terrain est pen appro- 
prii. Ce champignon ne secrete pas de pigment dans les 
milieux de culture. 
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Les colonies extremes, sur la limite de la rj^lose et du 
verre des 'tubes s'etendent sur le verre, en forinant uae 
iine poussiere (jlauque, coni(>osee enliorciuenl de tVuits, 
couverts de spores tres propres k reusemeucement. 

Dansle botdUoHyled^veloppemeatesI tr^s diffieileyd^uie 
lentrar dteeapirante, et ii h fiii,& 35^ G. lesparois des 
Jbes Boni enraMespar des filaments Irfts fins, el une poos- 
siire fine glauqne et asf ez rare, recouTre la partie su- 
p^rieure du Uqaide, ntais sans former de Inittrse* 

Ce champignon est nn type ^Atpergillus k fniita Iris 
volumineux, conime le montre la figure n 6, qui repr*5- 
sente une culture de 30 jours, en goutte sus[)on(lue. II 
est a noter que les t*^tes Ires volumiueuses }>oi1eut lou- 
jours des spores sessiles, sans sterigmates, sur la face 
anp^rienre exeksifemenly formanlnneespdeede eonronne 
qui est inTariable et Qaraetdristiqne. On toH en plos^ des 
fruits jeanes, incampiets, qui montrent le ddveloppeinent 
d'tine rangdedestirigmatesToliimineuXfdonnanI naissas^ 
ce ll des spores et disparaissant complitement, dans le 
fruit adulte. La figure ne montre que des filaments fer- 
tiles tr^s gros. Mais, dans ce champignon, comme dans 
les aulres, les filainenls du mycelium radio ulaire sont 
tres fins, comme on pent le voir dans la figure n" 7 qui 
repr6sente nne enlture semi-alrobie d^ne sqnamede earae 
t£ him. Les filaments fertiles sont rares et portent des 
fruits chMifs et incoraplets, tandis que le myedVum radt- 
culaire est Uhn abondant. Tous ees filaments sortent de 
la sqname ^pidermiqoe et ne soot qu'une prolongation de 
ceux que Pon y voit. 




Fig. 6 



Culture di 30 jours en goutte susperidue d\in carale bleu de mines 
de Tiliribi. 

G a rale noir-viofacr. 

Les colonies forment un duvet blanc, frls6, et un peu 
long nu ddbut, qui plus tard se couvre, en allant, du cen- 
tre a la piripWrie, d'une poudre fine de couleur verf 
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glaaqoe, en resfaiit entonree, en g^n^ral, ^un collier on 
anneau de duvel bianc, persistant m^me dans les TieiUes 
cultures. La poadre Terte toume vite an bran Tioiae^, 

qui esi sa coulenr d^finitiTe. Ces colonies apparaisseni et 
se developpent en peu de lamps, mais eiisuite sVirrctent 
et rr'stent sintionnaires inddfiiiimeul, sans envahir le reste 
da milieu iiutritif. 

Elles sout planes ou leyerement ondiilees, peu saillan- 
les, preaoent rapideroent, dans la gjSlose glyc^rinie, unc 
couleur d^finilive lilas fonc^ et la g4lose mlme^ est tein- 
t^e en jaune-paille ou acajou. 




Fig, 7 

Culture semi-aerobic tl'ane squaiii,? qt'd :i miijue de caraii bleu de Titiribi 
(m^me champigoon que celui de Ja figure n^S}* 
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Dans le bouillon g1yc6rin6, elles forment une bourse 
irr^guli^re, k fond de couleur lilas pAle, et d'apparencc 
mamelonn<^e. Dans le liquide, on voit flottjer quelques flo- 
cons filamenteux. Le bouillon est teinte en jaune-acajou. 

Ce champignon est un Asj)ergillus typique et ses colo- 
nies s'associent fr^quemment, chez le m^me individu, ^ 
celles du champignon du carats violet-brun (5 4 10 0/0). 

L'aspcct morphoiogique ressemble un peu k celui que 
repr^sente la figure n® 3. 

Carate noir d*encre de Chine. 

Le champignon que Ton rencontre dans ce carate est, 
d^s son apparition, d'un beau noir de jais ou d'encre de 
Chine. 

Le duvet est lisse et couche. Les colonies sont rayon- 
n6es au d6but. Dans les vieilles cultures, la g61ose s'on- 
dule et des •filaments longs et noirs envahissent le verre, 
mais restent couches et sans la itioindre poudre. Les co- 
lonies ne sont pas saillantes, m^me sur les vieilles cul- 
tures, mais, k la fin, elles se couvrent par places d'un du- 
vet court, droit et blanc. La g^lose glyc^rin6e se teint en 
noir. 

Les cultures montrent deux especes de filaments, les 
uns fins, plus ou moins cloisonnes, et ramifies ; les autres 
sont plus gros, massu<is ou noueux, ce qui est d\i au grand 
nombre de chlamydospores qu'ils renferment. Denombreux 
rameaux plus d6li6s, naissent de ces filaments massuis, 
et portent ordinairement, k leur exlr^mit^ terminale, des 
conidies piriformes ou sph^roidales volumineuses. 
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Ce chain [)i(jnon ressemble morpholorjiquetneal a cer- 
tains Microsporo/is^ et est un type d'Uosporee. 

Dans un carale tricopliytoTde violet du departement de 
SanUuider, nmm avoos rencoolrd un champignon de ce 
mdme type, mais dont les cultures sont TioIal-rDuifeAtre. 

Carats blanc. 

i^es colonies de ce carats sont hlanches, ou ros^es au 
d^hul, et fornixes d'un duvet Ion*], dress*'', ou plus ou 
inoins frise. II se dev elojjpe ex'rthnenienf a i(e, et envaljit, 
en peu de jours, tout le milieu nutrilif, en formant dVjrdi- 
naire des plis saillanCSy montagneux, couverts d'un duvet 
court, pulT^rulent, da conleur crlmey ou blanc-sale, 
eomcne la cidtnre du Miermparan da chien {(h§pora canina 
de Bodin). 

Dane loules lea gdlojei^ il ae d^reloppe bien, mais ne 

secrete pas de prrimeut. 

Dans le bouillon glycerin^, il se developpemal^ COOime 
dans le liquide de Raulin. Au boutd'un temps assez long, 
on voit quelques peti'es colonies rayonnees, sur les pa— 
rois du verre, et le bouillon reste iimpide et sterile, 

De tous lea cbampignona rencintr^s dans les carat^s, 
c'eal le plus Tivacej et celiu dont la ritalU^ est k plus 
persisfante. Des cultures Tieflles de 2 ou 3 ans, riense- 
mencdes sur gilose glTc^rmie, donnent en k iO heures 
des colonies de d^veloppement abondant et rapide* 

Ce champignon se rencontre ordinaireme'it a^^soci^i au 
champignon noir du caral*^ encre de Chine, mais les colo- 
nies blanches no sc m^lcnt pns aux iiolres, £n cultivant 
Uontoya 4 
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les squames des taclies blanches, elcelles des laches noi- 
reSjd'un m(^me inalade, les iioires donnentun champignon 
noir, et les blanches, un bhuic, [lurs d'embl^e tons deux. 




Fig. 8 



Culture de 3 jours on gouUe suspendue d'un carats blanc proTeaant 

de Bello 
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La figure n"* 8 r<qfKr48mte une culture de 3 jours, etL 
goiitfe saspendue, provenant d'uncarale blanc. Etle mon- 
Ire de nombreux filameiifs rninparils, minces, plus ou 
moins irrtNjuliers e( dicliotomiqaes, et quelques filaments 
fertilesj qui supportent de yrosses hyphes droites, cloi- 
Mttaies, eoartes^ qui ^oiilieiioeiit des chapeleis de gros- 
sed spores debinuMes et conlenant un gros nucUus. Le 
finiil adalte emnplet se compose de plusieurs chapelets de 
apores places irrdguUdreoieiil sur dea branohes aeeoa- 
daires, qui sorlent de Fhyphe priniilivei le fruit ayant 
Faspect d'une grappe irr^guli^re. 

Pour M. le professeur Van Tieghem cette espice se 
rapproche du genre Monilia. 

Curati rouffe. 

Lea eol^iaies aiml eafllaiitea et ondalles^ et de eoolenr 
jauQe r^mge, on Uanelie am d^Jbut ; plus tard elles se reeoup 
Treut^ par places, d'un duret verddtre et eonrt. Ges colo- 
nies produkeiU uue substance, couleur d'ocre, qm lexute 
W parfle la g^loae de rouge, et qui forme un substratum 
on promontoire, sur lequel repose le duvet, dans les vieil- 
les cultures. Ce champignon prdsente la morpbologie 
des Aspergillus. 

GULTURBS SN OOUTTBS SUSPBNDUBS. 

1^ Prendre des tubes de culture k bords bien r6gu- 
Ikrs ou rodis ; 



— 52 — 



2** Remplir aux 2/3 d'eau filtr^e; 

3^ Passer un peu de vaseline sur les bords; 

4° Placer les tubes sur un support ; 



5" Prendre des lamelles couvre-objet qu'on place, una 



6° Flaniber les lamelles. 

7** Avec une pipette mince et recourbie d^poser, au 
centre de chaque lamelle, une goutte de bouillon glyc^- 
rin6. 

8o Avec Taiguille longue M. Sabouraud, prendre 
une pjirticulc de poussiere de la culture, et ensemencer 
chaque goutte d^lica lenient. 

9° Prendre les lamelles ensem«nc6es, et les d^poser, 
une k une, sur les tubes vasclin6s^ de fa^^on que la lamella 
appuie bien partout^ s'il reste des endroits sans vase- 
line, avec un tr^s-mince pinceau, on passe un peu plusde 
vaseline, en soutenant la lanielle appuy^e. 

10" Placer a T^tuve entre 30^C. ou SS^C. ou m^me laisser 
parfois k la lemp^raturc du laboratoire. 

Quaiid les cultures commencent k se divelopper on 
les nmte successivemeiit, k un ou plusieurs jours d'in- 
tervalle, de fa^on avoir toutes les phases du divelop- 
pement dei champignons. 

Pour le montage, on suivra le proc6d6 que nous allons 
indiquer. 

l*" Avec une aiguille-lance, enlever toute la vaseline du 
pour tour : 

2^ Pren Ire l\ lamelle avec une pince de Corned, la 
passer trois fois k la flamme pour fixer ; 



k une, dans une pince de Cornet.' 




m 
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3° Laisser refroidir et deposer quelqaes goutles d'al- 
cool absolu, qu'on renouvelle plusieurs fdis ; 

4° Meltre quelques gouttes d'acide accitiqiie cristalli- 
sable ; 

5° Riucer a I'alcool absolu. 

6** Verser quelques gouftcs d'uue solution ctendue de 
bleu polychrome (6 goutles dans un verre de montre) ; 
laisser 5 «i 10 minutes ; 

7° Monter sur glycerine coloree au bleu polychrome 
et luler avec le Masken-lack. 

Par ce proc^d6, on a de belles preparations, qui se 
conservent bien, dans lesquelles Ics fruits portent leurs 
spores, ni abim6es ni dispers^es. C'est avec de telles 
preparations, que Ton pent procMer a la classification, et 
de plus etudier m^thodiquement d'une fajon commode, 
toutes les phases du ddveloppement. 

Les preparations destinees i la photographic doivent 
etre color^es avec une solution d acide picrique, et mon- 
t6esdansla glycerine picriquee, ouau brunBismarck. Les 
preparations colorees au bleu sont mauvaises, parce que 
celte couleur n'est pas photogene. 



Culture" Semi-Aerobie. 



On prend une squame de carate et on la met sur une 
lame sterilisee. On y depose ensuite une ou deux gouttes 
de bouillon glycerine ou de liquide de Raulin. On recouvre 
avec unelamelle passee a la llamme dubcc degaz, etTon 
lute enfin k la Masken-lack. On place alors les prepara- 
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tions k une lemp6rature de 30^C. k 35° C. pendant quinze 
jours ; plusieurs mois pour quelques-unes. 

Le champignon, dont le myc^Iiuin abonde dans les 
squames, se cultive tout autour, et produit quelques 
fruits petits, et incomplets. C/est par ce proc6d6 qu'a 6i6 
obtenue la preparation que repr^sente le dessinn** T.C'est 
une culture de V Aspergillus qui produit le carats bleu,et 
dont les fruits complets en culture a6robie, en goutte 
suspendue, se voient dans la fig. 6. Les cultures semi- 
aerobies montrent ivH bicn des myceliums d^li^s el st^- 
riles, et quelques filaments volumineux fertiles, qui sup- 
portent des hyphes avec fruits plus ou moins incomplets 
k cause de leur d6veloppement k Pabri de Fair. 

Avant d'entrer dans la partie clinique de notre sujet 
nous allons terminer par quelques mots sur les inocula- 
tions. 

INOCULATIONS 

1° Prendre un lapin de couleur uniforme, le raser sur 
le dos; 

2* Faire, au milieu dudos, des scarifications quadrilUes; 

3' Mettre un peu de bouillon' dans un tube de culture 
pure du champignon a inoculer, et agiter plusieurs fois 
pour digager les spores ; 

4' Avec un pinceau de coton sterilise, prendre les spo- 
res en suspension dans le bouillon, et frotter la peau sea- 
rifiie ; 

5** Num^roter le lapin k Toreille, et mettre le m^me 
numiro k la culture qui reste, et au registre des inocu- 
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Iatioit0, ayie la ilatSi le noni dii earat^ et du champignon 
inocul^. Trois oaqoatra joumapr^s, les polls, qui avaient 
M^k coniDieaGd k repousser, tombent, complelement ou 
{mr plaques. La peau Itsse au commencemeiU, se couvre 
bienldt da meaues squames et reiulroit scaring pre- 
senle de (jrosses croAtesqui tamhenf, uiie seuiaino apres, 
laissant la peau (flabre, completemenl 6pilt'v* et d*une 
coulciir qui varic seloii les esju^ces de caratc inociilt^es. 
Le processus ult^rieur ^tant variable, nous alloiisdecrire 
la marclie du caratd noir produit chez le la[)in par Tino- 
etilatiofi du ohampignon du carate violet-brun de Thom- 
ma. C/est le plus 'ty pique et nous nous conlenterons ensui- 
te, d'indiquer pour lea aulres vari^tcs les modifications 
^TOlulivcs importaiites. Pourquoi le carate vioiet-brun de 
Ilioiiiaie, produit«-iI un Cdrati* noir chez le lapin? C'est un 
fait que nous constatons et dout la raison nous senible 
6tre quelque modificatioiv dcs conditions biologiqucs du 
cbampignon, qui augmente sou pouvoir chromoqene. 



GAAATi mm LAIMN. 

Quinase jours aprAs la chute des croutes, les poils re- 
poasaenl, maia aont plua uoirs que cenx qu'ils rempla- 
cent. La peau prcnd une U^iulv noir rrencre. Phisieurs 
Hots noirs dcpiles ;ij>paraisseiil au pr)iirtour, et plus lard, 
tons ces ilots se rejoiqurnf |Mtti[- former une qrande lache 
fesloniiee, dont la teinte va eii sj deqradant vers la peri- 
pheric, jusqu' a se confoudfe aTCc la coulcur blaficlie de 
la peau uormale. Les poils repoussent partout, mais sont 
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d'un noir fonci. Un mois apr6s, la pointe des poils com- 
, mence k devenir cendr^e ; en deux semaines, les poils du 
centre de la plaque sont de couleur normale, et la peau 
qui les supporte a repris sa teinle naturelle. 

Si I'on rase alors le laphi, on voit une plaque centralc 
de pcau blanche, entourie par un anneau noir d'encre. 

Quelque temps apr6s le rasage, cet anneau noir s'ilar- 
gitde jour en jour, devienl tres desquamatif, et la peau 
nonnale blanche, ras6e la p(5riph<jrie, seprend, devient 
noire et se depile en mfeme temps qu'il se produit une 
desquamation abondante ; quinze jours apr^s les poils ont 
repouss^, et si Ton rase k nouveau, on constate Taccrois- 
sement de la plaque blanche centrale, et la progression 
cxcentrique de Tanneau noir de carat6, qui a complitc- 
ment envahi la peau saine du rasage anterieur. Si Ton 
ne rase pas, le carats gu^rit spontanement du centre k 
la p6riph6rie, et toute coloration anormale disparatt. 

II nous a sembl6 que les lapius compl^tement noirs, 
mais qui, apres le rasage, ont une peau uniformiment 
blanche sont les meilleurs pour les inoculations du carat6 
noir, obtenu chez les lapins avec V Aspergillus de cul- 
ture brun clair, du carats violet-brun. Ce carale apparalt 
chez eux, et se developpe en moins de deux mois. 

Le carate violet, produit par V Aspergillus k cultures 
saillanfes, de couleur vert glauque persistant dans tons 
les milieux, est d'un developpement lent, de m^me que le 
carats bleu, dil k un Aspergillus k cultures saillanles, 
acumin^es, et qui se couvrent de replis lisses, jaun^tres, 
favoides. 

Les champignons du carats noir encre de Chine, etduca- 
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tblH blancne reproduisent pas la maladie, mais laissent 
p surles moaohelures d'inoculation, une plaque Iisse,cQm- 
plilemeili d^pllde^ q&i dure un ou deux mois, sans s'ac- 
eroilre, et qoi, fiaalement se recouvre de poils, sans au- 
cun changcment de cok)ration. 

Les inoculations c\ riiommc sont positives, d'apr^s mon 
aiicien interne, le Lazaro Uribe, qui a inocuI6 les As" 
pergillaa des carates violels, it plusieurs muUtres, qui, 
ftpoiitafii£]Denl, s'offrireiit pour cet essai. Mais, malheu- 
reusetnenty comine les taches livides ou violettes qui 
appanirentf durent Aire detruiles promptement, les obser- 
validtis reaienl mc^mpl&tes el Ton ne pent en (irer une 
conclusion ferme ct definitive. 

Nous a lions douner robservation de la plus t} pique de 
CCS inoculations. 

Un mulatre, Andres Albarez, qui avail 6t6 inocul6 
au bras gauche par Uribe, et qui n'avait pas voulu lais- 
ser t0U0}ier la petite toche violetle, prurigineuse et des- 
quamative qui 6tait apparue un mois apres rinoculation, 
vieat me consuUer, lioit mois apr^s, et me montrer la 
tacbe de caral6 artificial, qui pr^sente Taspect suivant : 
tache livide. It contour circine, non prurigineuse, et 16g6- 
rement furlaracde» d*uii diametre de cinq centimetre, 
la surface inocnl^e, ayant eu un centimetre. 

Cet individu, agriculteur de profession, n'a jamais pr6- 
seole et ii'a pas encore, actuellement, d'autre tache de 
caratd, que celle inoculee, que je lui ai recoramand6, ex- 
preaa^meut, de traiter par la teinture d'iode. 
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CONTAGION ET MOYENS DE PROPAGATION 



Les carat^s ne sonl pas contagieux, par contact direct, 
ni par I'usage du linge de corps d'un inalade, sauf peut- 
6tre, exceptionneilemenl. IJn « caratejo » n'est pas dan- 
gereux pour son entourage. On voit souvent en effdt, une 
famille dedixou douze personnes, dontle pere el la ni6re 
ont le carats, et donl les enfants sont indemnes. On n'a 
jamais vu une mere « ca ateja » passer la maladie a son 
nourrisson. Les cas de carate communiques ou acquis 
dans les relations sexuelles avec des individus malades, 
sont douteux ou au moins tr^s rares. 

Le vulgaire croit qu'en faisant avaler des squames des 
carat^s, avec du chocolat, par exemple, la contagion est 
sAre. De nombreux m6tis ou mulftlres racontent que 
Icur carats leur a Hi pass6 dans du chocolat, par une 
femme jalouse, comme vengeance. Mais est-il besoin de 
le dire, il n'existe pas d'obscrvation authentique de conta- 
mination parce moyen. 

Etant donn^e Texistence saprophytiquc des moisissures 
des caralis dans des milieux et substances diverses, il 
n'y a pas en g^n^ral besoin d'une contagion humaine. Ge 
qu'il faut, avant tout, pour contracter le carat6, c'est un 
terrain appropri^ k la germination des spores, et un cli- 
mat chaud et humide,ou les eaux, les graines, les brous- 
sailles, les inscctes, et en particulier les moustiques et les 
punaises se chargeronl de fourniroude semer les graines. 

Nous avons obtenu des cultures pures d'emblie, avec 
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leseauxqui sortent de plusieurs mines aurif^res. Mais le 
champignon n^existe que dans les endroits ou I'eau n'a pas 
de Cluirant, at sur les cailloux et la terra qui forment le 
bord des flaques stagnantes, 

Pornii les ageuls les plus. ac til's d'inoculations sont les 
moustiques) moueheroiis, € mosqailos », « gegen » dans 
la langue du pays, appartenfttit ati G. Simidiiim, (ordre 
des DiptSfM)^ qui asaaillent I'homme le jour ; les Culex 
€ maovAm » et les panaises du G. Acanthia « chinches » 
qui Fattaquent la BUil^ et donl les organes de succion per- 
forent Tepiderme eL y introduisent Ls spores. Les larvas 
etics nymphes des culicidr's vi des siniuli^s vivant, d'a- 
pr6s M. le professeur llaphael \^\'M\c\\\xtd{Zoologie medica- 

T. II 1890) dafis les caux slagnanles, on voit quelle 
importance dtiologique prend levoisiiiaye imm6diat des 
mardcages, eouri d^eati et for^ts. 

La piqfire des inaeeles du genre Culex, quoique plus 
dcMdooreate, et malgrd la multtlude innombrable des 
reprtoentante de ces esp&ces mt left grandes rivieres, 
n'est pas admise par le peuple eomme cause du carats, 
et n'est pas prouv^e scientifiquement. Gelle au contraire 
dea Simuliiims^ moins grave au point de vue douleur, 
expose l)iea davantage a la transmission des carat6s. 
Nous avous, en ellVt, ohlemi par la culture des mousti- 
quesdu qenve Sima/inm dt^s tnoisissuresdu carat(^. violel, 
du caratd noir-violac6 et une oospor^e a cultures favoi- 
des de eonlear Jaune p ile, en mdme temps que plusieurs 
"^act^ries et mierocoques. Des cultores de « zancudos » 
euKctd^sj proTenant des grajEid^ riviires : Magdalena 
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Cauca, n'ont donni qu*une fois dcs colonies sur vingt 
tubes ensemenc^s. 

Las punaises des grands centres k caratds : Anlioquia, 
Sopetran, ont, presque toujours, donn^ les champignons 
des ciirat^s noir-violacr, violet, et une oospor^e semblable 
k celle que donnent les Si'muliiims et qui se Irouve dans 
les carat^s jaunes uu tigr^s de m^me provenance. Ces 
punaises^ du genre /1ca/i///m, connues sous le nom de 
« chinche garrapata » el « cliinche cucaracha » sonl plus 
grandes et plus voraces que les esp6ces ordinaircs. 

Dans les graines de certainesc(5r6ales,et sur beaucoup 
de plantes, on trouve un chauipigiion tr^s semblable k 
certains curates violets. 

Sur un bon terrain (chez les gens de couleur) la 
cause la plus efficace de I'apparition des caralisest Pino- 
culation sur les parties d^couvertes, par piqAre des 
simuliens qui v^hiculent de nombreuses spores des divers 
caral^s, ou par ceiles de certaines punaises. Ce^ faits sonl 
connus du peuple, et Ton poss(^de des observations de ca- 
ratis survenus autour de leurs piqiircs. 

Un autre grand moyen de propagation est Thabitude, 
chez les travailleurs des mines surlout, de se laver les 
pieds, les mains et la figure dans des ruisseaux sulfates 
appel6s dans le peuple « aguas con caparrosa » eaux a 
couperose. 

Ces eaux contiennent des cultures presque pures des 
champignons du caral6 violet cendri, qui, sur une peau 
irrit^e, crevass^e, macir^e par Tusage courant de ce li- 
quide corrosif, vont germer et se d^velopper dans des 
conditions g^n^rales de terrain favorable. 
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ANATOMIE PATHOLOGIQUE. 



Dans les carafes violets, rouges el noirs-violac6s, au 
d^biit, ieehampignonesl ^pidermique.Dans certains points, 
el dans les caral£a vieux, le champignon p6n6tre une 
par tie du corps muqueux de Malpighi. D'une fa^on g^n6- 
rale, ces champignons produisent une irritation du corps 
muqueux, dont les cellules d'abord se multiplientj pour 
diminuer ensuite. II se produit une disparition complete 
ilea eellules pigmeataires de la peau, dans les taches 
achromiques pdriartieulaires. 

JLi'examen comparatif de coupes au microtome de taches 
violeltes el de taches aeromiques articulaires, attire I'at- 
tention sur raminoisseilient etTatrophie du corps muqueux 
dans I'achromie, et sur son 6paississement un peu sup^_ 
rieur k la normale dans les taches violettes. 

En general les cellules corn6es 6pidermiques de la ta- 
che achromique forineat une couche dont l'6paisseur est 
identique 4 celle de la peau normale du m£me individu, 
tftodiS que la eouehe dpidermique des taches violettes est 
plus coasidteable. Dans les carat6s biancs et rouges, le 
champtgaoa est toujours ^pidermique mais, dans certains 
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points, (surfaces palmaire et plantaire) il p^nitre dans le 
corps muqueux. 

Autour des poils follels, se forme un anneau fibreux, 
qui expulse le poil, sans que le champignon y p^n^tre. La 
racine du poil est effil^e en pointe d'aiguille. A la place 
(Ju poily reste une ^l^vation k^ratosique, aussi dare qu'un 
grain de sable. Les d^vations calleuses des mains dans 
lescarat^srougeSy son! compos6es d'une grande quantity de 
spores emprisonn^es dans un tourbillon de fibres kira- 
tosiques concentriques. 

Les ongleSy comme les cheveux, ne sont pasenvahis par 
les champignons des carat^s. 
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SYMFTOMATOLOGIE 



Le lasi|>s d^eiibatiaii des earat^i Ml tr^s difficile k 
fixer, ft cause de rineertitude des renseignements fournis 
par lea malades^ gena en g^n^ral peu soncieux de leur 
persoime et surloitl paroe que lea earat6a ne pr^sentent 
pas de coloratioii eafactiiiatiqne au d^but, mais seule- 
ment quelques mois, on an, on m6me deux, apr&s I'^po- 
que de Tinvasion. 

L'apparition est apyr^tique toujours, lenle, insensible, 
aaiia la moindre trouble de la saald g^n^rale, chronique 
d'emblie et paaaaiit inapergue. Las cbangements de colo- 
ratioQ aur lea endroils oA apparatira Fhyperchromie ca- 
ract^rialMiiie soot parfois accomqpagn^s d'un I^ger prurit. 
Les premieres taches soul en nombre variable, petites, 
arrondies, d^une ecmleur pile, livide oujauae claire, dans 
la pliiralile des cas, ou hien rourjeiltres, ou grisdtres. 
E11«'S sent Ires apparerites, ri marquees chez les gens de 
couleur. Le peuple les appelle « panos de carale > il y 
a one desquamation furfuracde I^gire, les lieux d'^lec- 
tion soQt d^abord la figure et la nuque. 

A la figure les premidres taches dischromiques se voient 
sur les pommettes, le doa et la poiute da nez, la partie 
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infirieure du front, la partie anterieure et supirieure des 
oreilles. On les observe ensuite, et par ordrede frequence, 
sur les avanl-bras, les poignels, les jambes, les cou-de- 
pieds, et la partie sup6rieure de la poitrine. A cetle 
m6me p6riode, d'apr^s Uribe Angel, la d^mangeaison 
palmo-plantaire est tr^s marquee. 

Les premiAres plaques grandissent et tout autour, on 
en voit apparaltre d'autres, plus petites, qui en se joi- 
gnant aux centrales forment des taches orbiculaires ou 
festonnt^es de deux h cinq centimetres de diam^trc. Le 
contour, chez les gens de couleur fonc^e, est net. Chez 
les an^miques de race blanche, elles vont en s'att^nuant 
et finissentpar se confondre avec la couleur normale dela 
peauvoisine. Leur surface est au niveau de la peauenviron- 
nante.Quelquesgrandes taches cominencent i se foncerau 
centre, qui devient vioIac6, rouge^tre, bleuAtre ou brun 
cendr6. Ceiles qui sent tr6s expos6es au soleil se foncent 
de plus en plus, et au bout de 2 ou 3 ans oat acquis la 
teinle caract^ristique : violet, rouge, bleu ou noir-violac^. 
Sur un mSme individu et, maintes fois chez les ferames, 
on trouve des taches k diverses p^riodes de d6veloppe- 
ment, les unes p^les comme des taches de lait ; les aulres 
orbiculaires, plus yrandes et fornixes de trois anneaux 
concentriques, comme une cocarde ; Tint^rieur est vio- 
let, bleu ou brun, furfurac6 ; la zone moyenne est pres- 
que lisse, gris acier et Tanneau externe est compl^te- 
ment lisse, pAIe, livideet ea g^n6ral plus large k lui seul 
que le reste de la plaque. Quelques autrcs taches volan- 
tes, plus ou moius diss^minSes, k contours festonn6spr6- 
sentent distinctement la couleur caract^rislique du carats. 
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Les laches hyperebromiques ne gardent aucune symi- 
trie, et, d'abord limities aux parties ordinaire ment 
diSoouverled ei expoades an sold], elles peuvent se 
g&a^raliser k toute la surface culan^e et aux mu- 

La (lesqiiaination, peu mari{ut'c au d6but, augmente 
surtoul au bout d'uue dizaine d'aimees et devieiit perma- 
neote, I'^piderine s'exfolie m squames Manc-sale et 
sfiches assez nienues, com me le son du mai's, « afrecho » 
du vulgaire. Les laches peuvent rester isol^es par des 
espaces de peau de couleur norniale. Le plus y^n^rale- 
ment, plusieurs d'entre cllcs sc confondent et forment de 
larges plaques g^antes, festonn^es, k contours g^ogra- 
phiques qui occupent un membre tout entier, la poitrine 
bu le dos. Dans celte p^riode de la maladie, le prurit 
est Ires mi qu6, surtout quand Tiiidividu va transpirer, 
ou le soir,daiis les lieux cha ids quand il se couche, peutp- 
^tre pour la m6me raison. 11 y a une certaine hyperk^ra- 
tinisaiion, dans tons les endroi*s touches par le para- 
site. Les surfaces palmo-plantaires sont consid^rablement 
6paissies, dures, comme carlonnies. Les plis naturels 
s'accehtuent d'abord, puis, pour ainsi dire, se fixent et 
(inalement les mouvements professionnels rt^p^t^s finissent 
par les ulcerer profond^ment. Ces fissures sont extrfime- 
ment doulourcuses et parfois saignanles, mais nullement 
f6tides. En mftme temps, surtout daus Tesp^ce rouge, la 
plantc des pieds et la paumc des mains pr6sentent des 
clous calleux tres dur^;, en g6n6ral gros comme une tfite 
Spingle, ou une le.ilille, tr^s douloureux k lapression ou 
idrae au simple contact. Par ^poques asscz reguli^res, 
MoDtoya 5 
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rirritalion est telle, non seulement pour les mains et les 
pieds, mais pour toutes les taches, que le mal^cle ne peut 
ni marcher ni se servir de scs mains, qui sont le siige 
d'une cuisson douloureuse. Simultan^ment, son caractftrc 
devient sombre et la moindre contrariili le met en 
colore. II e.>t ik remarquer que la surface des taches 
est plus sAche. Ce fait d'aggravalion et d'agacement 
p6riodique est constant chez lous les carateux et peut 
durer environ une quinzaine dc jours. II coincide pro- 
bablemenl avec la fructification et le renouvellement par- 
tiel du champignon parasitaire. Les mains perdent leur 
d^licatesse de toucher et deviennent rudes comme des 
limes. 

Les bras et les jambes paraissenl parfois converts par 
une couche de silicate ou de collodion qui se craqu6le 
partout par les mouvements; mais cede forme fissuraire 
pour le corps, n'estensorte que transiloire, tandis qu'elle 
est permanente pour la paume des mains et la plante 
des pieds. Chez les vieux caralcux, la peau malade ^st 
6paissie, lichdnoTde, squameuse, pleine d'^levures comme 
des t6tes d'^pingle, et ressemble i la chair de poule ou 
mieux k ia k^ratose piiaire. En elTet, chez ces m^mes 
individus, on a vu tomber tous les poils foHets, qui out 
6i6 remplac^s par ces mdmes 61evures keratosiques, cor- 
n^es. It Si) produit done, k une p^riode avanc6e de la 
maladie, une chute complete des poils follets des plaques 
de carats. 

Le poil sans 6lre pris lui-m^rae, comme dans les tei- 
gnes, est expuls6 par une sorte de foUiculite fibroide, et 




saracine est efTiI^e en aiguille. Les poils cessent de s'ac- 
cmttTQf piriclitent et lombenl par le grattafje, mais lenr 
coloration ne change pas. lis nc devieinienl blancs que 
chez les geas dgds, donl tout le sysleme pileux blaiichit. 
Si roa obser?e un homuic de 30 a 40 ans, ses poils fel- 
lers tombent, expuls(5s qu*ils sent, par rhyperk^ratinisa- 
tion g^n^ralc, mais lis gardent en tombant leur couleur 
naturelle primitive. 

Les « caratejos » n'ont pas une odeur siii generis^ 
sauf I'odeur parliculiire des n^gres et de la sueur des 
gens de couleur, et celle due a la malpropret^ person- 
nelle, circonstauces qui se trouvent rc^unies chez beau- 
coup. d'entre eux. Les blancs, de m(5nie que les m^tis et 
les n^gres carafeux, qui se mainiieiinent dans un ^tal de 
pfoprett^ suffisaul, n'ont pas une odeur diff^rente de celle 
d'un indi\ idu sain do nu^me race. 

Comme Tavnit d^ja remarqu6 Uribe Angel, la peau des 
l^vres, de la Iftvre inWrieure surtout, se s^che, se tiraille 
et se crev asse, produisant une sensation de cuisson per- 
manenle, et occasionnellement, dc la g^nc et de la dou- 
leur dans les mouvemen<s. Cela se voit furtout dans les 
vieux carat^s rouges el principalement violels-rougeA- 
tres des collines froides. 

Dans son langage pittoresque M. Uribe Angel s'exprime 
amsi : « Des crotiles (5paisses se d^tachent avec abon- 
« dance, et le « caratejo », en mime temps qu'il est un 
4c objet d'antipathie, pour les autres, se d^plait dans sa 
4( propre compagnie. Les l^vrcs se fendillenl ; la pr^hen- 
« sion des aliments, le rire, le baillement, T^ternuement 
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« et mime la parole cessent d'etre Texpression du plai- 
ce sir pour se changer en douleur et en peine. » 

Le champignon du carat6 n'affecte jamais les cheveux, 
et tons les carateux ont g^niralement unechevelure luxu- 
riante et toufTue, qui contrasle avec le manque tr^s fr6que*nt 
de poils sur la figure. En eiTet, si le carat6 est apparu k 
la face dans la jeunesse, avant.que la harbe ait fait son 
appai-ition, le duvet qui la pr^c^de tombe par le m^me 
micanisme que les poils follets du corps, et il n^y pous- 
sera plus de poils. 

L'individu restera imberfae toute sa vie. Mais, comme 
les laches carateuses n'affectent pas totite la figure, les 
endroits sains pn^bcntent quelques poils, surtout aux 
moustaches. Un autre fait d'observation est que, si le su- 
jet acquiert le carats k T^ge aduhe, alors qu'il a toute sa 
barbe ; il n'aura pas le carats k la figure s'il porte toute 
sa barbe sans jamais la raser. S'il se rase fr6quemment, 
un jour ou Fautre le carat6 envahira la face, et tons les 
poils de la barbe tomberont un A un, jusqu'au der- 
nier, 

Les taches de carat6 peuvent affecter toutes les cou- 
leurs de Tarc-en-ciel. Ces taches peuvent, sur un mftme 
individu, fitre toutes d'une m^me couleur, avec des difiSS- 
rences d'intensil^, ou au contraire, de couleurs distin- 
ctes, et ces personnes ainsi peinturlur^es des diverses 
couleurs ont un aspect de carnaval des plus grotesques. 
Certains individus k peau hronzie, pr^sentent des reflets 
m^talliques comme ceux du cuivre ou de Tacier chaufl(6s 
au feu. 
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Les diverges espices de caral6s, par rapport k leur co- 
loration, sont dans I'ordre de friquence : 

1* Le carati violet : couleur violette, avec plusieurs 
nuances : rouge^tre, bleu^tre, cendr^, brun. 
2** Noir-violac6 et noir-cendr6. 
-3* Rouge. 

Bleue avec une vari6t6, bleu-verd^tre. 
5* Jaune. 

6° Noir encre de Chine. 
7° Blanc. 

Le carate polychrome ne forme pas une esp^ce, mais 
un r^sum^ de tous les autres en quelque sorte. 

CetCe diversity de couleurs paratt en relation avec le 
champignon qui produit l^esp^ce de carats, et mSme la 
variit6. De plus, quelques-uns de ces champignons sont 
chromog^nes, et secrStent un pigment, qui doit entrer 
pour beaucoup dans la coloration anormale de la peau. 
En effet, la couleur du champignon qui se rencontre dans 
les squames de chaque espice ouvari^t^de carati, garde 
une ^troite relaUon avec la teinte du carats. Ainsi, par 
exempte, la culture de V Aspergillus qui produit le carats 
noir-violac6 est de couleur brun-violac6 ; et V Aspergillus 
du carats bleu, est bleu.Celle de Foospore du carats noir- 
encre de Chine, est couleur de charbon. 

Les taches blanches d'achromie p^ri-articulaire sont 
communes k tous les carat^s, sauf peul-6tre au carats 
rouge, qui, en g6n6ral, n'cst acccompagni d'achromie en 
aucune partic du corps. 

L'achrbmie des r6gions articulaires apparatt dans les 
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points plus«expos6s au frottemeiit, ct ou la peau ne peut 
fuir, supporl^e qu'clle est par uii os saillant. La macera- 
tion desparlies souvent plong^esdans I'eau, a une influence 
sur I'apparition Mtive de ces taches. Les articulations 
affect^es sont par ordre de frequence : doigts, m^tacarpc, 
radius, cubitus, mall^^oles, ni^tatarse, coudc, genou, acro- 
mion, trochanters, et parfois colonne vert^brale lombaire. 
Ces laches blanches sont le plus souvent sym^triques, 
ct les endro^ls touches par cette esp6ce Tachromie. ne 
sont jamais repris par le carats hyperchromique. Elles 
soil lisses, non desquamalives. La peau n'est en general 
pas atrophiee, excepl6 chez les vieux, ou elle estamincie 
et ridi^e, et ces endroits ne sont pas le siege cle dcnian- 
geaisons ou de fissures. Enfin, comme les squames de cette 
achromie, lout en ayant de longs filaments myc6licns, ne 
donnent, dans des milieux varies, aucune culture, nous 
considiirons comme trcs probable que ce sont de simples 
lesions rc^gressives, de n'importe quelle csp^ce de carats, 
ou bien qu'elles sont dues k un 6tat pl^omorphique du 
champignon. II n'y aurait dans eel 6tat que des filaments 
de mycelium radiculaire sterile sans aucune trace de 
spores, ce qui concorderait avcc le r^sultat n6gatif des 
cultures. En aKendanl que de nouvelles recherches prou- 
venl le conlraire, nous consid^rons les taches blanches de 
regions arliculaires aocompagnant les divers carates,noa 
comme une esp^cc distincte, mais connne un simple symp- 
tdme, assez constant, des carat<5s. 

Sur les taches violetles des coudes, ou des mall6oles, 
on peut suivre tres bien I'apparition et la marche des 
plaques achromiques regressivcs. On voit en effet sur Ic 
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cdli gauche, par exemple, une grande lache de c arat6 
Tiolel, qui occupe tout le coude, mais au centre, il y a 
une tache d'un dcmi k un centimetre de diam^lre, d'un 
blanc ros6, lisse, entour^e d'une zone plus pale, et qui va 
en se fondant, se r^unir au violet qui I'enloure. Au coude 
droit, plus expos6 aux frottements, si le sujet n'est pas 
gaucher, (Ai voit aussi une couronne violette, et au centre, 
une tache blanche, large de Sou 4 cent, entour^e par un dis- 
que violet fonc^, qui, deux ou quatre ans plus tard aura 
disparu compl^tement, ne laissant qu'une tache achromi- 
que de 5 il 6 centimetres. Gomme r^gle g^n^rale, on 
peut dire que Tachromie regressive apparalt la premiere, 
m^me ou les conditions professionnelles avaient fait ap- 
paraitre d'abord les taches hyperchromiques de chaque 
carate. Les frottements qui avaient predispose a Timplan- 
tation du parasite, finissent par lui faire abandonner les 
endroits trop exposes aux pressions continuelles, ou Ta- 
meuent^ prendre une forme pieomorphique de resistance, 
et dansce cas, si Ton arrive un jour k cultiver les fila- 
ments qui se trouvent dans les squames achromiques, ces 
cultures devront montrer le meme champignon causal 
que Ton trouve dans le carate qui accompagne rachro- 
mie. 

- En fait, les varieies pieomorpliiques des champignons 
des carates, ont une couleur blanche ou jaune pAle, 
comme celle des favus, et sont en plus, difficiles k culti- 
ver et d'un accroissement extrememeiit lent. 

La leucodermie, qui apparatl primilivement sur d'au- 
tres' parties que les regions articulaires ; qui forme des 
plaques blaiches geantes, sur la poitrine, Tabdomen, les 



bras, les cuisses, les jambes, etc.; se g^ii^ralise en 5, 10, 



ou 20 ens, et arrive k blanchir loute la surface de la peau 
et k faire un blanc, d'un muWtre, on d'un m^tis, est de 
loute autre nature que rachromie p6ri-arJiculaire. Celte 
leucodermie est seuleou associ^e assez souvent aucarate 
noir encre de Chine, et paratt due, comme lui, k une 
oospor^e. II y aurait alors une leucodermie parasitaire, 
ou vrai carat6 blanc, mais, qui, comme symptomalologie 
et mycologie, ainsi du reste que le caral6 noir encre de 
Chine, et le jaune, diffirerait de ceux que nous venons de 
dicrire. 

Ces trois derniers carat6s : blanc, noir encre de Chine 
et jaune sont des anomalies pigmentaires, k proprement 
parler, pIutAt que des maladies, et plus importantes 
au point de vue de Testh^tique pure, qu'au point de vue 
nosologique. En efTet T^lat gdn^ral n'est pas atteint le 
moins du monde. Pas de desquamation, pas de ger^ures 
ni d'hyperk6ratinisation, pas de d^mangeaisons. Le chan- 
gement de couleur parait constituer, k lui seul, toute 
la maladie. En tons cas de nouvelles recherchcs sont 
indispensables dans ce sens. 

Pour terminer ce chapitre, nous ferons remarquer que 
les carattis peuvent prendre des formes atypiques, et 
ressembler absolument k dos trichophyties de la peau 
que Ton dit glabre : caral^s trichophytoides rouge, 
ou violet ; aux favus scutellaires dc la pea i ; cara!6 
favoide ; prendre I'aspect d'un impetigo gyroide con- 
centrique : caralc^ impi^tigineux : d'un lupus Erythema- 
t^ux desquamalif : carats rouge lupoTde ; ou bien, ce qu 
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esi trds frequent, prendre las allures d'un lichen : carats 
liebdnofde. 



ESPiCBS EX TARI^T^S DES CARATI^S. 

E$pice violette. 

De0 sttjets a&clis de celte forme peuvent presenter 
des taehes hypercliromiques des couleurs suivantes : 
Yiolei claIr pur^ violefreendr^, violet-rougedlre, violet- 
bleuAire et vfoIet-bruQ. 

C^esf une maladie rurale, des champs, et des mines sur- 
lout. Elle n'est, ni h6r(5ditaire, ni familiale^ et se ren- 
contre nu^me chez des ciifants de trois el cinq ans. Elle 
commence presque (oujoiirs sur la figure par des taches 
livides ou funiees. Chez le m4me indiyidu^ on voit, 
edte 4 o^te» des laehes dischromiques d'une couleur li- 
vtde^ des taebes mxAmim et des taches de teinte fum^e. 
La pointe du nez pr^Sseote tr^s souvent une tache vio- 
letle isolde. Ea gin^rai, Tachromie p6ri-articulaire est 
precoce. Aas pdiguete, elle prend I'aspeci d'an anneau 
el forme comme un bracelet blanc incomplete resti ou- 
vert sur le dos de TavaiU-bras et empi^tant sur la pau- 
me de la main. achromie palmaire est marquee, 

surtout chez les neyresses cuisinieres, ou laveuses des 
sables aurifdres. Aux coudes, il est frequent de voir trois 
poiiilsbhliiesd'achromie pr^coce, sur la peau quirecouvre 
r(d^craBe,r^lFoehIdeeir6picondyle et, tout autour,une 
eoaronoe violet Umci ou bleudtre. Chez les person nes 
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qui ploufjent souverit leurs mains dans Teau, (meuniers 



des mines, baleliers, blanchisseuses), I'achromie com- 
mence par de petils points blanch^tres sur la peau des 
articulalio-is ?n6tacarpo-phaIangiennes. Le dos des mains 
presenfe un aspect pseudo-vitiligineux moucheti, dtl k 
la persistance d'ilols de coloration normale, dont Thy- 
perchromie elhnographique tranche nettement sur Ta- 
( hromatose articulaire. 

Par ^poques, pendant quinze jours ou un mois, les par- 
lies afTect^es de carati (surtout les surfaces palmo-plan- 
taires) deviennent plus s^ches, crevass^es et cnisantes» 
Puis la peau reprend une souplesse relative ; la cuisson 
et les crevasses disparaissent. Parfois, mais rarement, il 
apparaif aux jambes une ou deux plaques locRlis6es de 
carats violet irks prurigineux, qai se crevassent et par 
le grattage arrivent k s'ulcerer. Ces ulcerations devien- 
nent chroniques et sont tres rebelles au traitement. 

Dans la varl^t^ violet-cendr6, I'achromie p6riarticu- 
laire est plus tardive, et manque parfois. La desquama- 
tion est ici fres abondante, et le prurit intense oblige les 
malades k se gratler presque constamment.Les poils fol- 
lets des tacrhes tombent par le grattage, et laissent de 
petites elevures k6ratosiques. Cette forme est presqua 
sp^ciale aux environs des grands fleuves, k tempt^rature 
6\ev6e (30* k SS"*), comme k Zaragoza, Cruces de Caceres, 
Remedios, villages plus od moins miniers, aux approches 
de la riviere du Cauca ou du Magdalena. 

Les formes violettes pures sont moins desquamantes, 
ont plus de tendance k fendiller la peau, et produisent 
une cuisson tres d^sagr^able. En m6me temps le siftge 




dcs laches est plus vascularis^, el saigne abondamment 
k la moindre ^gralignure. Les surfaces palrao-plantaires 
s'hyperk^ralinisent et se iissurenl dans tous les pl.s for- 
mes par les mouvements habituels. 

Le caratd violet rougedtre est aussi peu desquamatif, 
mais tres fissuraire, irritant et s'attaquant presque tou- 
jours aux surTaces palmo-plantaires et aux 16vres, qui 
sont continuellement- s6ches et sillonnies de crevasses 
brijlantes. Ce carat6 est parliculier aux m^tis habitant les 
collines froides (lO^ et 18") lr6s expos^es aux rents. 

Les muqueuses buccale, balano-pr^puliale et vagi- 
nale, sont souvent prises chez les vieux carateux qui 
portent la variety violet-brun, et m^me quand toutes les 
taches de la peau sont de venues achromiques, celles des 
muqueuses restent ind^finimcnt violet-brun. 

Chez les enfants atteints de carats violet, on ne voit 
d'achroihie p6ri-articalaire, qui ne se rencontre ordi- 
nairement que chez les adultes de vie active ou chez 
les vieux carateux. 

Le carats violet pent se Irouver, sur un m^rne sujet, k 
c6i6 du blanc vrai, du noir-violaci, du rouge et du bleu. 
Ges taches occupent diff(irentes regions, et apparaissent 
sirnultan6nienl, ou d'une fajon successive. Elles sont au- 
tonomes, et chacune garde ind^riniment sa coloration, 
sans que les unes soieiit la suite des autres. C'esl une 
vraie forme polychrome, ou multicolore, tr^s fr^quente, 
et dans laquelle chaque (ache de couleur dilKrente est 
produite par une espece distincle (V Aspergillus. 

Les squames 6pidermiques d'un m^me individu, prises 
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sur plusieurs de ces laches, donnent k la culture, deQx, 
parfois m^me, rarement, trois Aspergillus diff^renls. 

La gu6rison spontaa^e peut survenir chez les vieux 
carateux, surtout k la suite d'une maladie febrile, et de 
longue durie (variole). Cette terminaison est rare et la 
dur^e est habituellement ind^finie. Les gens, qui en sont 
atteints vaquent k leurs occupations habituelles, et sont 
employes, sans crainte de contagion, dans tous les mi- 
tiers. II est k remarquer qu'une grande quantity de muld- 
tresses occupies dans les families blanches comme bon- 
nes d'enfants, et qui couchent mime avec eux, ont le 
carati, et on n'a jamais vu un cas de contagion d'un 
enfant ou d'une autre personne de la maison. De mime, 
dans I'armie, il y a une certaine quantiti desoldats por- 
leurs de caratis, et qui ne contagionnent pas leurs cama- 
rades. 

Les carateux qui ont de Thyperkiratinisation et des 
fissures profondos et multiples palmo-plantaires, souffrent 
beaucoup, sont mime forcis de suspendre tout travail 
manuel et viennent alors seulement consulter le mide- 
cin. On voit souvent des muletiers avec des rhagades 
prolbndes de la plante des picds, qui pour iviter les 
cailloux du chemin, se font le soir, dans les hdtelleries 
ou lis se reposent avec leurs mulcts, des sutures au fil d'a- 
gave. 

Quand il n'y a pas encore de Tachro/nie piri-arliculaire, 
le carati violet et tojtes ses variitis, peuvent itre gui- 
ris, sails laisscr de traces, mais, si les rigions articulai- 
res soat diji blanchies par la maladie, elles re^teront 
telles quelles jusqu'au dernier jour du patient. Si apris 
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la gu^rison, le sujet vcsle soumis aux monies influences 
qui avaient produit le carats, lar^cidive estcerlaine, avec 
la m^me forme, ou plu^ soUvenl sous une forme tricho- 
phyloide d'abord, qui, plus tard, reprendra son aspect de 
carat6 diffus, plus ou moins g^n^ralis^ au bout de quel- 
ques annies. 

Espece noir^vioiaci. 

Ce carats sc montre primitivement sur les avant-bras, 
par des taches gris^tres qui prennent ensuite une teinte 
brune k reflets vio!ac6s et dont la couleur d^rinitive est 
noir d'encre. Le d6veloppement est tr6s lent ; les taohes 
ne se g^n^ralisent pas, comme le violet et restent canton- 
n^essur les avant-bras, les jambes ou la figure, sans au- 
cune tendance Textension. L'achromie p6ri-articulaire est 
tr^s tardive, mais quand elle apparait, elle fait en peu de 
temps des progrAs rapides et forme des taches g^antes, 
qui, par propagation, envahissent les membres et mdme 
le tronc. 

Les malades pr^sentent fr^quemment des taches achro- 
miques, sur lapeau du dos, au niveau des apophyses £pi- 
neuses. Ges placards blancs sont ordinairement enlour^s 
d'une couronne violetle, plus ou moins fonc6e, et plus ou 
moins desquamative. On voit parfois des individus, por- 
teurs d'6normes plaques achromiques lisses, sur jpresque 
toutes les articulations et paraissant ne pas avoir de 
taches de carats noir-violac6 ; mais, en les examinant 
atlentivement, & la p6riph6rie de ces laches leacodermi- 
ques, on finit par trouvf r quelques petites taches noir 
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violaci, desquamalives cl pr.iri<|meiises. Or linairement, 
cesm^mes individus sont porJeurs de taches noir violac^ 
sur les muqueuses : palatine, linguale, gin»(ivale, labiale 
et balano-pr^putiale, qui monlrent que c'est bien d'un 
carats noir achromique et non d'un carats blanc primi- 
tif ou leucodermie pirasitaire, qu'il s'arjit. II est (res 
frequent de voir, trenle ans apr^s le d^but des premie- 
res taches de carats, apparattre une tache tardive, sur le 
dos du nez et les joues, dessinant grossierement uii 
^norme papillon noir doiit les ailes seraient d^plo}6es. 

La chevelure n'est pas touch^eparle parasite; mais les 
poils follels des (aches carateuses pdriclitenf rt finissent 
par tomber. Ce carats n'est pas hyperkt^ratinisant, et Vi- 
piderme est plut<5t aminci et peu desquamatif. Le prurit 
est inod^r^. Les surfaces palmo-planlaires sont parfois 
fissur^es, saignantes, et douloureuscs par (^poques. En 
vieillissant, les taches noires deviennent d'un gris ccn- 
dv6 ou plo.nb^. La gii^rlson spontan^e est rare, la meta- 
morphose en leucodermie gt^n^ralis^e est plus fr^quente. 
Cest une maiadie des nfegres et des mulAtres habitant 
les mines et les rivieres entour^es de fordts considerables, 
dont la temperature est eievee et Fair humide. 
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Espice rmge. 



C*est une maladie urbaine et qui afTecte surtout la race 
blanche, dans les villes ^ climat tempir6 ou froid. Elle 
paralt familiale, mais non h6r<^ditaire, ne s^atlaque qu'aux 
adultes^ dure ind^iiniinent et oe gu^rit pas spontan^nient. 
II y a des mmx blanes qu^on eroirait volonliers tr^s san- 
guinSt t% qm sont sii»{>lement € carmines y> par \t carats. 

11 commence par des laches pAIes qui deviennenl vite 
rouges, et m g£ii^?alisetit d'une fagon diiTuse, sans con- 
tours bien Hinit^s, et sans desquamation marquee. D'au- 
tres foisj elles se localisent ; les taches sont trds desqua- 
matives, en relief, et a contours festonn^s, qui tranchent 
neltemenl sur la peau nonnale. Dansles formes localis^es, 
les poils follets tombent de bonne heure. La chevelure 
el la barbe tie tout jamais iouch6es. 

CSe carati proffuit une sensation de s^cheresse et de 
cttiason ou de brdlure de la peau, plutdt que de prurit. 
Les surfoees pahno-plaotaires sont envahies de bonne 
heure. Ua aemis de grains k^^ratosiques apparalt sur les 
paumes des mains ; les planles des pieds se dess6chent> 
s'<^paississent et se fissurent, quand le malade raarche nu- 
pieds.Par epoquesperiodiques, les malades ressententune 
grande s^cheresse et une sensation de brtilure, partout 
oA le ea^'at^ a toucM, mais surlout aux surfaces palmo- 
planlaireS) qai dd?ieiineat itkt sensible s, et dont les ere- 
Tftssea saigiteAt facilemenl. 



1 



— so- 
il est k noter que, si le sujel ne se livre pas k un tra- 
vail materiel, les rhagades soot rares. 

Dans les formes diffuses, la desquamation est mod^i^e. 
II se produil parfois de rectropion de la paupi^re inK- 
rieure; les conjonctives deviennent rouges et congesti6n- 
ndeSj d'une fa^on chronique. Les l^vres se dess^client 
et se fendillent plus ou moius. 

Dans la forme pure du carat6 rouge, I'achromie p^ri- 
arliculaire ne survient pas. Lc rouge pent 6voluer k c6i6 
des laches violettes, chezle m^me sujet, etalors seulement, 
on pent voir de Tachromie articulaire. La sant^ gini^ 
rale est excellente, mais les malades sont tr^s iras- 
cihles et n'aiment pas entendre parler de leur mala- 
die. Celte mdchante liumeur est due probablement k 
Pexasp6ralion nerveuse produite par la sensation de s6- 
cheresse et de cuisson de la peau, ainsi qu'^i uu reflexe 
particulii^r des filets nerveux terminaux comprimes par 
la congestion habi:uelle et irrit^s par la v^g^tatioii crypto- 
gamique. 



Espece bleue. 

Elle commence par des taches rouge^itres, diffuses, qui 
peu i\ pen se rolorent en bleu plus on moins fonc^. Son 
lieu d*<^lectionestla figure, etie dos des mains. Ces (aches 
se confondent avec la peau par une degradation insensi- 
ble de la leinte. Elles sont lisses sans relief ni desqua- 
mation. Les muqueuses ne paraissent pas ^tre atteintes. 
II n'y a ni s6cheresse ni crevasses. Les surfaces palmo- 
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plantaires sonl peu touch^es, el le prurit est miniine, ou 

o'existe pas. 

Ce caratc peut se gineraliser au J)Out de vinyt ou 
trente aiis, mais 11 est peu (jdiiant. Les poils follets torn- 
bent tf*^ souyent ; la chevelure n'est jamais louch^e, et 
cetle eap^ce^ eomme toutes les autres, esl exciusivement 
Spider mique, el jamais pilaire. Celte forme se voit chez 
les ptons des champs lahour^s ou des mines ; chez cerfains 
mineurH, on voit en plus des laches verd^tres a reflets 
pyrileux, ces iiulividus ont \e visage de la couleur de 
la peau <le certains lizards des m^mes contr^es L'achro- 
mie arliculaire esl tardive el Ires discrete. Les petiles 
articulations des mains et des pieds sont k peine mou- 
chel^es de blanc. Lc carats bleu se rencontre chez les 
cmTfiert de nee blanche ou m^tis. 



Esp^ce jaune tigree 

EUe est friquent^ chez les m^tis habitant pres de 
eerfaiiies riridres snr les bords desquelles se culti- 
venf le cacao et le labac. Elle commence sur la poi- 
triae on sur les bras par des laches jaune clair, ou plus 
ou moius safrandes, se generalise a tout le tegument 
eJCleimc, et est accompagn^e de petiles laches achro- 
miques qui, 6lant s^par^es par des tlots de peau saine, 
donneni k la peau du malade Taspect de la robe du 
tig re. 
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Le< taches jaunes sont plus ou moins larges, parfois 
leiitigineuses aux mains et au yisage. La peau des petites 
articulations des pieds et des mains se pointille de bonne 
heure de hlanc. II n'y a pas prurit, pas de desquama- 
tion ni de lesions palmo-plantaires, part Pachromie 
qui pent envaliir la paume des mains. D'autres fois, les 
taches achromiquee du tronc deviennent ^norines el, 
S(^pardes qu'elles sont par des bandes hyperchromiques 
jaunes, ou par la peau normale, elles donnent au tegu- 
ment du sujet, I'aspect du jade, ou du ventre de certaines 
couleuvres. 

Chez les vieux carateux, il survient^une desquamation 
furfurac(5e, accompagn^e de prurit ledger, mais la peau 
reste souple. Ce carats est difficile k guirir et ne disparatt. 
pas spontan^ment. 

Espece noir-encre de Chine. 

Elle se trouve presque exclusivement sur les n^gres 
pur-sang, descendants des anciensjesclaves import^sd'Afri- 
que par les conqu^rants, a Tepoque coloniale. 

Ce sont dos taches noires, si fonc^es qu'elles Iran- - 
chent nettement sur une peau d'6b6ne. Elles apparais- 
sent entre 18 et 30 ans : au front, au menton, aux 
avant-bras et aux jambes. Ces laches ont ordinairement 
de 0, 05 a 0, 20 cenlim^lres; se g6n(^ralisent excepUoii- 
nellement, et restent le plus souvcnt stationnaires, pen- 
dant de longues ann6es. Elles sont lisses, non desqua- 
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matives ni prurigineuses. A leur niveau, la peau est tr^s 
vascularisee et I'ipiderme tr^;s adherent. Pas de crevas- 
ses, ni la moindre g6ne palmo-plantaire en general. La 
chevelnre reste intacte, mais les poils follets lombent 
ordinairenient. Ce carats r<isie riduit k trois ou quatre 
laches noires, penda it de longues ann6es. D'autres fois, 
h^tivement ou en m&me temps, apparaissent des taches 
d'achromie, diss^min^es sans predilection articulaire, et, 
,tandis que les tnches noires restent stationnaires, les blan- 
ches croisscnt rapidemenf, en peud*ann6esarrivent m^me 
k envahir tout le tegument, ne laissant que la figure, le 
dos des mains ou des pieds lachet6s de peau normale. 
La peau blanchie par le carats est souple, non desqua- 
mative, ni prurigineuse ; mais les l^vres se crevassent et 
sout amincies. II existe aussi quelques plis articulaires, 
Irfes epaissis. La plante des pieds est en g6n6ral hyper- 
keratinisie. 



ESPi:Cfi BLANCHE OU LEUCODERMfE PARASITAIRE. 



C'est une maladie des villes ou factoreries k tempera- 
tiire 6lev6e. EUe est pen fr^quente et se voit surlout chez 
des m6tis. Son d^but se fait ordinairement entre 18 et 
30 ans, par des taches irr(5rjiilieri3me it diss^min^es, 
feslonn^es et qui apparaissent sur les parties couver- 
les : poitrine, avant-bras ou jambes. Elles s'^lendent 
constamment, et leur marche est relativement rapide. 
L'apparition est apyr(itique et le d^but passe g^n^ra- 
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lement inaper^u, jusqu'au jour on une personne de Tcn- 



»• *tourafje fait reraarquer la leucodcrmie. En 10 ou 20 ans, 

toute la peau est prise, et il ne reste que quelques Hots 
bruns de peau saine, sur la figure, (nez, l^vres, oreilles), 
au dos des mains ou aux organes g^nitaux, (p^nis, bour- 
ses). 'Parfois le changement est lellenient surprenant, et 
inattendu, que, si Ton n'est pas averii, on se croirail vo- 
lontiers en presence d'une personne qui a toujours iU 
tres blanche, la peau ayant Taspect presque normal. La 
peau affect^e de caratt^ blanc est Ires delicate et s'exco- 
rie tr6s facilement, mais n'est pas prurigineuse ni cxfo- 
lianle. La couleur est rose et d'une blancheur exagir^e,' 
qui ne brunit pas par le soleil, comnie la peau desblancs 
de race. 

Les l^vres sont en g^n^ral amiucies, dess6cli6es, et 
tr^s sujettes aux crevasse^. Elles sonl,de plus,cuisantes 
par p^riodes plus ou moins r^guliAres, de m&me que la 
peau des mains et des pieds, qui n'est pas hyperki ralini- 
s^e, mais plutdt amincie et doss6ch6e elle aussi. 

Les taches de ce carats blanc n'ont aucune pr^dileclion 
pour les regions articulaires et n'observent ordinaire- 
ment aucune sym6trie, dans leur distribution, au contrairc 
de ce qui se produit dans Tachromie secondaire des au- 
tres caralis. 

Comme dans le carat6 rouge, il y a une sensation de 
s^cheresse etmSme de cuisson, plut6t que de d^mangeai* 
son, qui assombrit le caract^re des malades, en g^n^ral 
tres irascibles sans raison s^rieuse. 

Jamais la gu^rison spontan^e n'a 6t6 observ6e. La 
rapeutique n'a pas la moindre prise sur le carati 
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ralisAy maB rtiissit frdqaemmeat ii gn^rir les (aches ini- 
tiates. 

FORMES ATYHQLES 

Carats fawfde. 

C'est line rnaladie tres grave, qui coTiicifle, chez Ics 
' enfants, avec le favus dc la tdte. Toule la peau s'exfolie 
. par lambeaiixd'an el mtme de trots centimetres, d'une cou- 
leiir blanc-sale oa jaimAtre. Lemalade degage une odeur 
iafecte de sooris^ el est eonstammeat torture par la 
cuisson eL la br&iare da derme diaode par la chute de 
r r^pideraie qui lombe sous forme d'ecailles tres epaisses, 
qui se soulevent d'abord h la peripheric et pr^sentent uo 
aspect imbriqu^. La maladie Ir^s lenle au debut, peut, 
dans certaine^ conditions mal connues, se generaliser 
tout le teguraeul, eu ireparjuaul que les oiigles. Les 
' malades sont forces d*abaiidonuer tout travail et de s'ali- 
ter. C'est one maladie des diampSyetspecialementdes ri- 
' jsi^res i tempiralure ^levie. 

L*examea et la culture des squames montre ici une 
\- aMOciatiofi de VAspergiilas du carate violet avec une 
ft oosporie. 

^ \m maladie est pres^ue incura !>!*!, et malgre son appa- 
^ rence cflirajaule, tr4s pcu con*ayieuse, et fort rare. 



Carat^s trichophytoi'des. 



L'aspect clinique est celui des Irichophyties des parties 
couverles, k marche lente, a dur^e extr6tnement longue 
et chroniques d'embl^e. Les plaques circin^es, k bords 
saiilants pr<^sentent une couleur violet, rouge ou noir ; 
donnent lieu k uiie desquamation s^chc, et ontune marche 
excentrique. lUes forment en (]6n6ral un aniieau irr^gu- 
lier dont la peau inlerieure est saine, ou a peu pris, 
tandis que la peripheric forme un ourlet ou relief desqua- 
mant, qui tranche ncltement sur le tegument normal. 

Les plaques, g6n6ralement en petit nombre, (2 k 4) res- 
tent stationnaires, pendant des annees; sont tr6s r^guli^- 
rement arrondics, et localisees aux parlies couvert s(dos, 
cuisses, bras). Leur dimension est en g6n(5ral de cinq k 
dix centimetres, ct ellesform^nt parfois, par leur reunion, 
des figures circinees, d'aspect g6ographique. 

Les sujets atteinls de ces carat^s ne pr^sentent aucune 
maladie parasitaire du cuir chevelu, et ont vn general 
une chevelure luxuriante. 

La dur^e en est tris longue. La maladie gu^ril quel- 
quefois spontaii6ment, surtout chez les blancs, chez qui 
elle est tres fr^quente. Plus rarement, chez les muldlres, 
elle se g6n6ralise, et prend Tallure du carate violet classi- 
que, apres 6tre reside un certain te nps stationnaire. Le 
fait s'observe quand le malade abanJonne un climat doux 
pour venir habiter un climat plus chaud, ou le carats est 
end^mique. 
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Prcsque lous les individus gu6ris du caral^ violet, et 
qui revienuent dans les climats oii ils Tavaient contracts, 
pr^sententy 6 ou 8 mois plus tard, quelques plaques tri- 
chophyloides violelles, qui, si ou ne les soigne pas, re- 
prennentau bout de plusieurs ann^es, la forme g^n^ralis^e 
Tulgaire des carats s. 

On voit tr4s souvent, chez les femmes blanches Ag^cs, 
des villas k temperature douce, une grande plaque rouge 
restonn^e, squameuse, saillanle et tr^s cuisante, qui reste 
localis^e en g6n6ral toute la vie, k la figure, k un avant- 
bras ou k une jambe, et dont le centre est aussi pris que 
la piriph^rie. Elle ressemble plus k un lupus 6rytWma- 
teux desquamant qu'4 une trichophytie. Les surfaces pal- 
mo-plantaires sontpresque toujourspleines de pelits clous 
cornis, en lAte d'epingle. Ce dernier sympldme distingue 
ces irythrodermies des lupus serpigineux. 

Carat e impHigiaeux circini. 

C'est une forme rare, rurale, des lieux trAs chauds. II 
ressemble absolument aux grosses crotites ipaisses d'ec- 
thvma vulgaire ; seulement ces pustules crotlteuses for- 
ment des cercles concentriques sur toutes les parties du 
corps, (figure, Ironc et membres). L'extension aux parties 
saines encore, se fait en lignes serpigineuses gyroides ; * 
la peau qui s6pare chaque croQte a Taspect normal, 
les malades s'effrayent, le m^dccin soup^onne la sy- 
philis ; mais le microscope et les cultures montrent que 
Por a affaire k un champignon parasitaire tres abon- 
dai t. 
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Celte forme nc rju^rit pas spontandment, mais un trai- 
tement dc quinzc jours k uii n)ois 'h la teinlure d'iode, 
miligee snrtout, en vient k bout. Elle paratt conlayieuse 
par le linge de corps et les v^teraents, et m^me par cou- 
tact direct. Apr^s la chute des croutes ccthymateuses, il 
reste une tache livide ou achromique. 

La marche en est rapide et la maladie sc (j<^rieralise en 
6 i 12 mois. 

Carat e lichenoides et psoriasi forme. 

La forme lichdnoi'de ressemble au lichen plan plus ou 
moins hypertrophique et corn6. Genera lement, les deux 
jarabes, les deux pieds, les deux mains el les avanl-bras 
sont pris, et il y a une hyperkeratose plautaire conside- 
rable. II existe de la cuisson et de la secheresse, plutdt 
que des d^mangeaisons. G'est une maladie des mineurs 
des r*^gions froides. 

Les formes psoriasiques du carats rouge ont un aspect 
circin6, pityriasique, f>lus ou moins figur^. Composees de 
disques a (Evolution excentrique, peu desquamantes, elles 
produisent de grands placards serpii|ineux, completement 
reconverts de grosses squames nacrees^ et s^parees par 
des bandes de pean saine. Le pruril est mod^r^, mais la 
cuisson de vient parfois intolerable. La maladie com 
mence par des petites vi^sicules tr^s-prurigineuses, ires 
fugaces. A ces v6sicuies succede un cry theme saillanl, 
orbiculaire, qui ne tarde pas k se rccouvrir de squames 
nacr^es. En g^n^ral, les premieres laches se montrent ; 
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sur la poil i ine, le dos, la nuque, les bras, sans predilec- 
tion pour les coudes et les genoux, comme dans le pso- 
riasis vulgaire. La maladie marche assez rapidement, 
et, en deux ou trois ans, lout le tegument est pris. Elle 
parali contagieuse par le linge de corps. C'est un« forme 
assez rare que Ton trouve chez les mineurs. 
Sa dwti^ est indefliiie, si on ne la Iraite pas. 

COMPLICATIONS ET. GUfiRlSON SPONTANfiE 

Une esp^ce de gale chronique complique les vieux 
carat^s vtolets-cendres des muMtres, assez frequernment, 
et alors le prurit nocturne devient insupportible et les 
malheuretix vieillards se grattent jusqu'ai? sang. 

Les caratis violets, vieux de 40 k 50 ans, disparaissent 
Bp^n.tstnim0i\i, si I'individu qui les porte est atteint d'une 
affection febrile, d'une dur^e unpen longue, ce qui s'ob- 
serve freqiiemment dans la variole. 

Celle dis|>arition et cette mort du champignon parasi- 
taire soiit dues, sans doute, au grand d^veloppement et A 
raclivit6 que prcnnent, dans les maladies f^briles, les 
iiiicrDCoqaes et bactcries saprophytes de la peau. On 
peat observer, in ui'iro,q{xe, si Ton s6me une colonic d'un 
champigoon de carats, si d'autre part au m&me point, on 
en depose une autre d'un microcoque saprophyte de la 
peauy et que Ton metie k F^tuve a 38''^ ou 40''^, le cham- 
pignon ne se cultive pas, tandis que les microcoques, en 
48 heures envahissent tout le milieu de culture. Si Ton 
met plusieurs colonies du champignon, quelques-unes 



commencent k se d^velopper, mais sont bientdt itonSeen 
par les microcoques. Ces microbes paraissent ;ouer un 
rdle* protccteur de la peau coatre les champiynons pa- 
tbog&nes. 
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DIAGNOSTIC 



Le diagnostic de tous les carat^s en plein diveloppe- 
menl est facile et le peuple lui in^me ne s'y trompe pas. 

Les taches livides initiales des caral6s sont presque tou- 
jours confondues avec d'insignifiantes taches de lait, ap- 
pel^es par le peuple, « melancolia » quand elles sontpe- 
titcs et « pafios » (en nappe) quand elles sont plus gran- 
des, et qui ne sont, dans cedei*nicr cas que des taches de 
carats, a notre avis. Cliniquement, la difference n'existe 
pas, et toutes les taches dischromiques, dans les climats 
k carats sont suspectes. Mais, tandis qu'une dischro- 
niie sans importance, n'auginente ni ne change de* cou- 
leur, la dischromie des carat^s augmente sans cesse, et 
elle rev6! en plus sa couleur caract^rislique, quand le 
terrain est propice. Sinon, elle disparalt spontan^ment, 
comme le fait se produit eommun^ment, pour les 
« pafios de carate » ou taches initiales, qui se rencon- 
trent lr6s fr^quemment chez les jeunes gens de race 
blanche. 

Le pityriasis versicolor k grands cerclcs, plus ou 
moins g6n6rali66, se distingue parle signe de la € Des- 
quamatlvite au coup d'ongle » et parce que la coloration 
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est toujours plus ou moins jaune, chez les blancs, et chez 
Ics nitres, d'une couleur argentde ou grise.D'autre pari. 



cettc mycose peut se renconlrer associ^e aux caral6s« 



cie aux taclies initiales de certains carat^s. Mais le diag- 
nostic est facile, parce que dans lei carat^s il n'y a pas 
d'alt^ration de la sensibilit<i comme dans la lepre, c'est 
le seul fait important k retenir. 

Les dermatoscl6roses en plaques peuvent presenter 
I'aspect de taches recentcs de carats ; mais, celui-ci est 
prurigineux et plusou moinsdesquamatir,ct la peau, dans 
les premieres - annies ne s'endurcit pas, landis que la 
durete ct Tipaisseur de la ^plaque folauche de scleroder- 
mic sont caracl^ristiques et primitives. 

Les carat6s noirs violets acliromateux ne soiit autrcs 
que de v6ritables vitiligos, c'esl-i-dire, des dyschromies 
mixles, achromo-hypercromiques, qui ne differeal pas cli- 
niquement de Tataxie pigmentaire, d^crite ordinaircment 
sous le nom de vitiligo, sauf pour la desquamation, le 
prurit, la contagiosity dans des conditions sp<^ciales, et la 
teinte particuli^re des (aches hyperchromiques, qui cons- 
tituent le carats proprement dit, parfois tres discretes et 
petiies, el qui, pour un observateur peu habilu^ a voir 
des carat^s passent sans ^ire remarqu(5es. On peut pren- 
dre, par exemple, les achromles caraleuses finales, que 
M. Gomez appelle des carat^s « overos » pour des leuco- 
dcrmies, ou achromies cutan6es simples. En r6sumi, les 
carat6s noirs ou violets achromateux sont de v^ritables 
vitiligos, dans le seas raoderne du mot, comme Tenten- 



Les miacules de la lApre dite tropho-nivrotique, peu- 
vent ressembler comme aspect et teinte livide ou viola- 




dent WSL» Besnier el Doyon, seulement, ces vitiligos 
sont parasitaires et leur coloration n'est pas dtle k une 
ataxie pi<jmcritiure, corame dans le vitiligo simple, mais 
iant k la coloration propre du champignon causal qu'au 
pouvoir chromogdne de ce champignon. Dans certai- 
nes coodftiofis difGciles k appr^cier, les cultures de 
VAMpm^gilim qyi produit le caral6 noir-violac6, con- 
serre une couleur blanc d'h ermine ind^Piniment, au lieu 
de la couleur brun violac^e habituelle ; ou bien la v6g6- 
taliOB cryptogamique rest^e noire ou violac6e, pendant 
un certain temps, se couvre plus tard d'un duvet blanc 
persistant, 

Les carates hlancs sont de v^ritpbles leucodermies, qui 
ne different pas cliniquement des leucodermies simples, 
cong6nitaIe90il uon. Ces m^mes leucodermies mycosiques 
S0QI eoutagieu^es mais difJicilement, et dans des condi- 
tions spdciales de terrain et de mode d'inoculation. Elles 
ne sont pas hirdditaires, mais acquises ; et seul I'examen 
micro3capiq[ue peut decider s'il s'agit d'une achromie ou 
leueodermie simple^ ou d'un carat<^ blanc ou leucodermie 
parasiraire. 

Quaiid k la rnaladie d^crite parte professeur Munch, de 
Kiew (l)sous le nomde^ Vitiligo end^miquedu Turkestan* 
(Pi^s des Sartes), apr^s I'examen des nombreuses photo- 
graphies de Fouvrage, on voit qu3 presque toutes repr6- 
sententdes achramies plus o i moins g6n6ralis6es, sans 
tiches d'hyperekromie apparente, la couleur naturelle de 

1. Mitalefau lia li^re au sad de la Russie el le vitiligo ende- 
miqu0du Turfmlan. Kiovv 188i-1887. Tome I vol. 3. 
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la peau itant chez ces peiiplcs brunc ou noire. La marche 
ressemble beaucoup icellede noscarat^sblancs, ou leuco- 



ann^es presque tout le tegument extcrne des muldtres 
qui ensont affecK^s, en laissant quelques Hols bruns dc 
peau normale.: sur la figure, le dos des doigts, ou les 
organes g^nitaux. Un pefit nombre de photographies pa- 
raissent montrer quelques laches d'hyperchromie, qui 
tranchent sur la couleur noire normale de ces individus. 
Nous citerons par exemple le n° 80 (3® volume) qui sem- 
ble repr^senter un carats noir-encre de Chine, accom- 
pagn6 d'une achroraie abondanfe. En supposant m6me, 
que quelques-uns des individus photographies pr^senfent 
quelques taches noir violac6, ces laches ne se verraienl 
pas sur la photographic k cause du faible pouvoir pho- 
tog^ne du violet. Nous avons dil nous-m6me renoncer a 
la photographic simple, pour nos carat6s, parce que les 
coaleurs violettes ou bleues ne viennent pas, oum^l. L'uni- 
que proc6d6 applicable it la reproduction des carat^s, con- 
sisle k colorier, d'apr^s nature, chaque photographic, 
ou k faire, soil des' aquarelles, soil des portraits k 
rhuile, tous procid^s longs, embarrassants el peu prati- 
ques. 

M. Munch, dil que cette espece de vitiligo est consl- 
d6v6e comme contagieuse par les Sarles. Les malades 
sont isol6s comme les I^preux. 

4c La maladie commence sans symptdraes prodromaux, 
4C {k Texceptioi d'ane coloration foncee, etd*uie d6man- 
« geaiso.i, locales el cela, seulemeiit dais quelques cas), 
€ par des taches blanches, sans autres changements de 



dermics parasitaires, qui arrivenl a blanchir en quelques 




« la peau, lesquelles augmentent en quantity et en yoIu- 
« me, et peuvent envahir lout le corps. 

« La maladie peut avoir une marche courte ou lente ; 
« la decoloration complete, (la face exceptie) peut Atre 
« termin^e en 3 ou 4 ans, ou rester en forme de laches 
« diss^min^es fa et Ik pour loute la vie. 

« La decoloration a cerlaines lois ; sym^trie parfaite- 
« ment marquee. Les laches sym^triques ne se inonlrent 
4C pascependant simultanement, mais comine des affections 
« sympathiques, apr^s un espace delemps plus ou moins 
« long (un ou deux ans par exemple). 

« II exisle des endroits du corps priviiegies comme 
« sieges de decoloration (le dos, les regions sus et sous 
« claviculaires etc.) et d'autres, oii la leinte normale ne 
< disparatt pas, ou disparall en dernier lieu (face). 

« La maladie n'est pas conlagieuse. L'h^redite a 6i€ 
€ conslaiee dans plusieurs cas ». 

Comme on vient de le voir, celle description du profes- 
seur Munch, transcrite par MM. Besnier el Doyon, dans 
leui^ notes ii^ Particle Leucodermieet VitiligOyAt I'edition 
fran^aise de 1891 de I'ouvrage de M. Kaposi, pages 155 
et 156 I. II, presente beaucoup d'analogies avec noire ca- 
raie blanc ou leucodermie parasitaire el aussi avec nos 
caraies. noir d*encre, quand ils sonl acconnpagnes d'une 
achromle diffuse plus ou moins eiendue. D*autre part ces 
esp^ces de caraie, relativement rares chez nous, seraient 
tr6s friquentes en Afrique, d'oii elles onl 6te importees 
en Am^rique par les n^gres d'Angola. 

Des formes atypiques des caral6s peuvenl ressembler 
k une Irichophytie de la peau dite glabre.Cestrichophyties 
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sont violetfes, noire^ ou roucjes ^fythimftieQUes, s^eheSi 
serpigineuses, ou plus ou mo ns circiin^es, k progrftssion 
excentriqufi. Un type en est reprr^sriiti^ au mus^e de 
I'hdpital Saint Louis, au moulage \ c'esl un r;ira(6 
noir Irichophytoi'dc de la region onl>ilica!e, contr iclo vn 
Colombie, au d^partemcnt de Panama; sujet du service 
de M. le Teneson (1889). 

Les carat^s prennent la forme Irichophvtoide, ou pso- 
riasiforme, quand le terrain n'esi pas bien appropri6 
(blancs), el cela revile un 6tat de soufTrance du cham- 
pignon qui reste ainsi des ann^es. La maladie *finit 
par guerir sponlan6ment. Elle peat donner lieu ^ la 
fin k des formes annulaires, figurdes, a [>eau cenlrale 
saine. 

Les carat^s rouges sont ceux qni prennent le plus 
fr^quemment les formes trichophytoides annulaires, ou 
figur^es de certains psoriasis, ou de Vecz&tm fiiargin^ ; 
ou Tapparence du lupus 6ryth^mateux desquaniatif, ou 
m^me du lupus pernio, par la couleur lilas, 

Ce carats forme, pour ainsi dire, une transition enlrc 
les trichophylies chroniques siches, serpigineuses, h 
sions palmoplantaires et plus ou moins (jeneralisdes, 
d'Europe, et les carat^s de TAmeriquc eqninoxiale. 

L'irythrodermie innomin6e que represenle le moulage 
n° 1668 du mus6e Saint-Louis et provenant du service de 
M. le D*" Besnier (1892) ressemble beaucoup Bux cara- 
i6s rouges localises, comme couleur, et desquama- 
lion. 

L'^rylhime multiforme en nappe, l'6rythdnie pellagroide 
m^me, le lichen plan circine avec hyperki^ratose palmo- 
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plantaire ; le pityriasis ruhra-pilaire, la dyschroniie des 
adisoniens, etc., peuvent ressembler aux carates, mais la 
provenance du inalade, la chronicit6 de la maladie, Tab- 
sence de troubles g6n«^raux, et en dernier recours le mi- 
croscope, sont pour eclairer le diagnostic. 

Les carates k forme ecthymateuse, ou imp^ligineuse 
circin^e, giroide, ressemblent k Timpctigo g^n^ralis^ 
contagieux. 

De mt^me certains carates peuvent ressembler k des 
syphilides scrpigineuses, psoriasiformes, circin^es, ery- 
th^mateuses ou pigmentaires plus ou moiiis exfoliantes ; 
mais les antecedents et au besoin le microscope aideront 
k fixer le diagnostic. 

L'ecz^ma lichenoide de la plante des pieds -et de la 
paume des mains ressemble aux lesions de certains cara- 
fes ; la coincidence sur la peau de taches rouges ou vio- 
lettes du carats levera tous les doutes k cet ^gard. 

Le pinto, jusqu'ici a 6ie confondu avec les caratis. 
Nous croyons qu'il appartient k la m6me classe nosologi- 
giquc que le carats, comme les trichophyties et les favus 
par exemple, mais qu'il forme un genre distinct, et par 
son agent causal, et par sa marche et par quelques symp- 
t^)mcs, au moins d'apres un bon article de M. Gastambide, 
qui a su, fort judicieusement en general, extraire des 
travaux des m6decins mexicains, Iryz (1) et Sandoval, la 



1. Voir. La rrulependencia medica, T. II, no* 32 et suivants 
18S1. Mexico. Memoria sohre la enfermedad pintada d€ las 
Americas » par J.-M. Iryz, de Huim:inguillo (Tabasco). 

Moutoya ^ 
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meilleure description que nous ayons du pinto, de scs 
causes et de sa niarche. 

Nous transcrivons ce que dit M. Gastambide sur Ic 
champignon du pinto du Mexique a la page 261 du n"* 33 
de la Presse m'^dicale belfje, 1881. 

« En ^ludianl au microscope deslamelles ^pidermiques 
« provenanl des parties malades, M. Ruiz y Sandoval el 
« d'autres m^decins, onl pu constater en effel, outre les 
« diffcreiits groupes des cellules polygonales qui consti- 
« tuent les couches profondes de I'^pidei^me, la presence 
« de petits corps arroiidis, dont les uns, parfaitement 
« spheriques, mesurent (1) 8 m.m. de diamilre, et les 
<k aulres ovoi'des de (2j 0^8 m.m. de largeur sur (3) 
« 10 i 12 de long. A premiere vue ces corps parais- 
« sent tout a fait noirs et.polis, mais, sous une cerlaine 
« incidence de lalumi^re refl^chie, ils deviennent, jusqu'ii 
« un certain point, transpareuts etsemblent alors consli- 
« lues par un tres grand nombre de granulations fonc^es, 
<c suspendnes dans un liquide jaun'Atre, ou janne rouged- 
« tre, le tout e ivelopp^ d'une membrane transparente. 
« Ti' it's oar Tacide acetique, ils deviennent plus appa- 
« rents. Ces corps sont prcsque toujours accompagn^s 
« d'autres CO ps, qui ressemblent^ides fragments de (ubes, 
« et qni sont souvcnt si rapprocli^s({u'ils rappellent, selon 
« Texpression de M. Sandoval, la disposition d'une queue 
« de cerise vis-^-vis du fruit qu'elle supporte. Des frag- 
« meats de ce tube, mesur^s par Tobservateur, 6laient 

1. 8 mjti ? nous traQserivons litteralemenL. 

2. Meme remarque. 

3. Meme remarque. 
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« longs de 18 k20 mk. sur 2 mk.de large. lis sont blancs, 
« polis et brillants, k contours bien limit^s, etdonnant des 
« reflets cristallins. 

« lis ne pr6sentent sur aucune partie des traces appa- 
« rentes de dichotomie. Les plus volumineux d'entre eux 
« sont plus gros k leur base, et vont s'am»ncissant, pour 
« se termiuer par un sommet tronqu6. 

« La plupart se terminent par une section coinme celle 
« d'une fracture, quelques-uns par une extr^miti bien 
« riguli^re. 

« A rextr6rait6 d'un de ces tubes, ila pu observer deux 
« cellules, dont Tune plus volumineuse, se continuait avec 
« celui-ci, et Tautre, plus petite, se trouvait superpo- 
4C s6e k la premiere, et semblait en provenir par fissi- 
« parity. 

« La veritable cause de la maladie est done trouv6e. II 
« me semble incontestable que nous nous trouvons.en 
4C presence d'un parasite v^gital, qui, par son implanta- 
« lion et son d^veloppement ant la peau, produit les 
« lesions anatomiques que Von constate dans cette alTec- 
« tion ». 

Comme on vient de le voir, rien de ce que nous avons 
Crouv^ dans les carat^s de Colombie ne ressemble au 
champignoD vu par M. Sandoval, sur les squames du 
pinto. Aussi croyons-nous que, si de nouvelles recherches 
donnent des resultats dans le m6me sens, il est Evident 
que le pinto du Mexique n'est pas une esp^jce distincte 
de carats, mais un genre k part. Avec le peu de donn^es 
connues, et sans la description precise du fruit et des 
spores, il nous serait impossible de lui assigner une place 
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holaiiiqiie. M. le professcur Blanchard, croit qu'ils'agirait 
d'un trichophytoi cclothrix, el lui donne le nom de 
« Trichophyton piclor » {Traite de [aihologie g^n^rale^ 
p. 919, Bouchard). 

Dans le meme travail de M. Gastambidc, nous trou- 
vons : 1** Que le pinto blanc est contagieux, et peut se 
d^velopper en 48 heures; 2^ que le pinto noir se voit sur 
les enfants en Las-Age, qui peuvent le donner aux ser- 
vantes par contagion direcle ; 3" Que le pinto se voit sur 
les nourrissons qui peuvent le comniuniquer cn peu de 
temps k leurs nourrices. 

Je cite ceci, parce que, d'apres Tauteur, ce seraientdes 
cas iuoontestables, rapporttis k TAcad^mie de nn^decine 
du Mexique, par un nneciecin du pays. 

Or : 1** le carate blanc de Colombie, comme tous les 
autres est clironiqu*^, el d*unc apparition et d'un d6ve- 
loppejnent lenls, qui se chiffrent par annties et non par 
heures, comme le pinto blanc du Mexique, 

2^ Les carates noirs de Colombie ne se voient pas sur 
les enfants en bus Age. lis commencent entre 15 ans, au 
pK: ; t ^^ et 24 aiis. Aucuii carats de Colombie, ni noir, ni 
autre, ne se communique par simple contact, tandis 
qu'au Mexique, des enfants, atteints de pinto noir, le com- 
muniqueraient aux bras de leurs gouvernantes. 

3^ On ne voit pas de carate sur les nourrissons, en Co- 
lombie; el une nourrice carateuse ne passe son carats a 
son nourrison, tandis qu^au Mexique, non seulement les 
nourrissons onl le pinto, mais peuvent 6tre contagiorin^s 
par leurs nourrices. 

Xous pourrions continuer k citer nombre d'autres fails 
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s^paraiU Ic [unlo dii carnle, pris dans Ic Irava'I du mtMe- 
cin beige ; inais cola nous semblc inutile. Nous fcrons 
80itleilieiil reoiarquer que tousles autenrs des Lavaux 
sat le pinto, oa Teigne du Mexique, (voir Chassiii) en out 
fait une maladie tris contagieuse, par coiHart divcct, et 
d'litt dirrfoppement rapide lelativeinent au carate, dont 
Ics laches ne preimeut I i coulear caracl(M'isli |ue (ju'un 
ou deux ans apres leur appai'ilio i, detail (jui ex[ilique 
Lres bien pourqufti il ne pent se voir cliez un nourrissi>n, 
m6me age d*un an. 

Quand au eafioi\ ce ne serait qu*un pinto d'a[)r«^s un 
article de M. Arriaga dans la (\iceta de A>v /los/'/fa/rs 
de Guaiemaia Df" IB^ juiu 1885, traduit ct rapporle parM.le 
I> Rey dans les Archives dc mrderine nauu/e, T. XldV, 
1885) p* 464# 11 dii que c'est une maladie non seulement 
contagieuse mais birdditaire. II sunlit, pour c^tre pris de 
raffvij qu'un homme saiii vieiuie se baigner en nienie 
temps qu'un « mauchado », nom doune aux [)orleurs du 
c*rt^/f'/,ou qu'il se serve d'ustensiles ou d'iiislruments agri- 
coles, qui sont a Tusage de ce dernier. 

Dans la republique de Honduras, les « inancliados » sont 
exempUs du service milit ure, no ) par la loi, mais par 
tradition^ en vue d'iviter la conlajioii [mrmi les hommes 
de triMipd. Cette dispense cons'itue une mesure d'liygie- 
ned^Ule utilii6 incontestable, d'apres I'auleur. 

Le cute de Venezuela a un d6bul aigu et febrile, d'a- 
pres Freitez, cite [»ar M. Gomez dans sh these de Paris. 
Quelques autenrs <>:it mis en doute un pareil debut. Mais 
>L Legrai'i, dansun article puhlie da is h* 1 des Arc/ii- 
oes de parasitologic du 1'^ Janvier 1898, appelle Tatten- 
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tion sur des dermatoses du Sahara iris semblables au 
pinto du Mexique, mais dont. le d6but est aigu et Kbrile, 
comme celui du cute. L'auteur insiste sur cet 6tat febrile, 
qui est constant, ne peut ^tre altnbu6 k une autre cause, 
et fait bien partie de la maladie. D'nutre part, il dit qu'il 
n'a pas trouv^, dans les squames, le champignon de San- 
doval, ni aucun autre. 

II paralt done qu'il existe des dermatoses semblables 
au carati, par Taspect, mais cliniquement et bact^riologi- 
quement diff^rentes. A en juger par le d6but bruyant, il 
s'agirait plut6t d'une affection microbienne. 
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PRONOSTIC 



Le carat6 compI6temcnt d6velopp6 est difficile a gu6rir. 
S'il a plus de 30 ans, il est non seulemeiit difficile, inais 
m^me dangereux de le trailer, j)arce (ju'en (jdneral, il 
occupe tout le tegument externe. Le carats de 1 a 5 ans, 
gu^rit facilement. 

La guerison du carats, k Tctat de « panos » d'achromic 
initiale, est la rigle. Elle survient spoutari^ment, surtout 
chezles blaucs.Les achromies peri-arliculairesdes carates 
anciens sont des ItSsions definitives ct incurables, en 
g6n6ral. 

Le carats rouge, violet pur, ou violet rougeatre est 
plus grave dans les classes travailleusesqui viventde leurs 
mains, en quelque sorle, parce que les crevasses profon 
des, at les callosites paltno-pluntaires sont accompagn6es, 
non seulement de cuisson ardente, mais dans cerlaines 
occasions, par suite d'infections secondaires, de douleur 
insupportable, et mSme de lymphangiles tenaces. II en 
est de mdme chez les muletiers, qui font de grands tra- 
jets et que les crevasses plantaires forccnt k abandonner 
leur place, elk monter a cheval derricrc leurs bStes. 

Tous les carates, mais surtout le rouge aigrissent le 
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caractere, et Ics carateux sont irascibles en rSgle g^ntS- 
rale, et ne supportent aucune allusion k leur mal, qui les 



les, surtout pour les dames de famille honorable. 
,Le D*" Uribe Anfjel, qui a t*i6 a m6me de bien etudier 
leur etal moral, s'exprime ainsi : « Le carat6 est une in- 
4< firmite grave, mais non mortelle. EUe est grave, parce 
« que ceux qui en sont atteints, (ratnent une existence 
« morlifi^e et g^nee.Le « caratejo » est en quelque sorte 
€ hors la loi sociale, parce que le peuple pense que la 
€ maladie est contagieuse a un haut degr6. On lefui(, on 
« 6vite autant que possible son contact, si bien que le 
<c malheureux, connaissant T^tal rapeux de scs mains, 
€ Taspect repoussa,!il de sa personne et Tid^e g^n^rale 
« que Ton a de la nature dc sa maladie, devient en quel- 
« que sorte honleux el timide, dans ses relations avcc Ic 
« monde ». 

Les raedecins du pays croient que certaines affections 
inflammatoires sont plus graves chez les caraleux, et 
M. Uribe y lait allusion en disant: 

4c II y a sans doute, chez eux, quelque chose de parti- 
te culier dans le tube digestif. Car j'ai cru remarquer que 
« toute maladie inflammatoire chez eux a unc iniluence 
« funeste sur 1^ guerison. La dysenteric surtout est pres- 
et que toujours morlellc ». 

L'^tat de d(^goilt des carateux et surtout leur facile 
irascibility font que le nombre des rixes et des homicides 
dans les facloreries minieres (grands foyers de carateux) 
atteint un nombre considerable. Gette modification du 



d6gouteeu:>m^mes, et les prive de leurs relations socia- 
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caraci^re due k la maladie, est, au point de vue moral, 
sociologique el jud'ciaire tr^s iirporlante. Les juges de- 
vraient, en ten'r compfe comme de causes alt^nuanles. 
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maTs pourrait, au moins dans les terres froid ns, dtre rem- 
plac6 par Ic ble. 

Un fait admis par tous, est que le carats gdn^ralisd enl 
bien plus dirficile k cfu^rir, et, qu'en supposant qti'on le 
I guerisse, les r<5cidives soiit la r^gle, parce que I^s mala- 

I des, qui, en general, ont leur famille el loiit Icur avoir 

^ dans des localit^so 'i le caral^esl endemlque, iie se soumelp 

\ tront pas k abandonnnr leurs chimps el leur situation, 

I pour 6migrer dans un climat moins favorable an ( ham- 

\ pignon pathog^ne. De plus les Individus, nes ct Aleves 

I dans les regions chaudcs qui entourent les grandes rivii- 

I res, n'aiment pas les climats froids et ne s'y trouvent pas 

- bien. Le plus convenable et le plus logiqueestde trailer la 

maladic, d^s qu'elle apparaft, et quand ette est liimtie k 
une ou deux laches. C'etait aussi ropinion d'AKberi^ qui 
dit : 4( Feu M. Zea prelendait qu'il n'^tait [)as possible dc 
« s'en rendre mahre, quand la maladie avait fait certaiiis 
€ progr^s. 11 est done important dela combattre aussitdt 
« qu'elle parait ». 

Toute tache de carat6, qui ne date pas de plus de 6mois 
a un an, c6de facilement k Tapplicalioi jouniali^re de 
teinture d'iode pure ou coupt^e du double d^alcool. Si les 
taches sont plus vieilles, et occupent tout uu metubrey la 
teinture d'iode n'a pas une grande action, et on doit la 
remplacer par la traumaticine k la chrjsarobinei eaayaol 
soin de prendre avant un bain tiede avec du savon noir 
ou au bichlorure de mercure, et r^p^ter tous les 1 jmirs 
pendant 15 jours. Plus (ard, une applicMiMni de t aumati- 
cine, tous les 8 jours suffira. Le traitemeat termiiK^, la 
v^g^tation cryptogamique a pour ainsidire complitement 
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disparu ; mais la peau reste squameuse et rude avec un 
certain aspect icthyosique. Pour luirendre son aspect nor- 
mal, il sufTit de quelques bains locaux Emollients de son 
ou d'amidou, ou simplementd'uneonction journali^re avec 
un peu de vaseline ou de beurre de cacao. 

L'aspect de la peau est complEtement rcdevenu nor- 
mal deux ou trois mois apr^s ce Iraitement. Si les mala- 
des, ainsi guEris, reviennent dans des fi yers de carats, 
il se produit, en g6niral, 6^8 mois apr^s, une ou deux 
plaques de carat6 franc, ou trichophytoide, que Tapplica- 
tion de traumaticine k la chrysarobine gu6rit ordinaire- 
ment en 15 jours. 

Au lieu d'appliquer le melange de chloroforme, de 
gutta-percha etde chrysarobine, il vaut mieux appliquer 
d'abord la chrysarobine, dissoute dans le chloroforme, 
puis ensuile, quand cette premiere couche est s^che, 
appliquer avec un pinceau, la gutta-percha dissoute dans 
le chloroforme. 

La formule que nous employons est la suivante : 

1. 

Chrysarobine JO gr, 

Cliloroforme • . . 90 gr. 

Appliq.i M* avec un pinceau et laisser sEcher. 

N«> 2 

Gulta-percha 10 gr. 

Chloroforme 90 gr. 

f. diss. 

Passer avec un pinceau une couche r^guliere sur tout 
. le premier vernis de chrysarobine. 
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pensable, raais vaudraft mieux. En g^n^ral, il raffirait de 
changer de linge tous les huit jours. 

Pour une gu^rison definitive, il est indispensable que 
les patients changent de climat pour un plus doux, et oik 
ne r^gne pas la maladie. De plus, certaines prrofessioos 
doivcnl fttre abandonn^es. 
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CONCLUSIONS 



I 



1** Les caralis les plus frequents en Colombie sont des 
aspergilloses de la peau. Ces Aspergillus appartiennent, 
pour la plupart, k des esp^ces innominies. 

2" Quelques unes de ces moisissures se trouvent k 
r^tat saprophytique dans la nature. 

'S" Les moustiques du genre Sinwlium et les punaises 
des foyers k carats v^hiculent los spores de quelques es- 
p^ces de moisissures caratogenes, et peuvenlles inoculer 
k Fhomme. 

4* Les milieux glyc6rin6s sonl les meilleurs pour la 
culture des champignons des carat^s. 

5^ Ces moisissures se cultivent bien sur des milieux 
contenant du sulfate de fer, de cuivre, et m6me de 
zinc. 

G"" Des inoculations sur les animaux (lapins) semblcnt 
reproduire la maladie. Ces caratds arlificiels donnent une 
d^pilafion h^tiveet ^tendue accompagn^e d'une desquama- 
tion plus ou moins intense. La teinte que le champignon 
communique k la peau s'6tend parfois aux poils, pendant 
un certain temps ; finalement peau et poils reprennent 
Mootoya 8 
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leur couleur normale. La marche des laches carateuses 
artificielles est exceatrique, et la peripheric se prend, 
landisque la partie centrale gu^rit. 

7*Chez rhomme, (mulAtres) Tinoculation paratt posi- 
'tiTe, mais, comme il faut guiSrir les laches peu de lemps 
aprds leur d6but, Fobservalion resle incomplete. 

8* La couleur des caral^s est en rapporlavec celle des 
champignons pathogenes, el aussi avec le pigment qu'ils 
secrAtent, dans des conditions sp^ciales. 

Une hygiene appropri^e pourrail limiter considira- 
blemenl la propagation des carates. 

10* Les carates au debut guerissent facilement. 

!!• Les laches dischromiques appeiees par le vulgaire 
€ pafios » el considerecs comme (h' simples laches de 
tail insignifiantes, sont le vrai debut des carates el doi- 
rcnt tire soignees le plus t6t possible. 

12* Les carates generalises sont IrAs difficiles k guerir 
d'une fa^on complete et definitive. 

13° Le Iraitemenl doit Atre continue quelque temps 
apres la disparition apparenle de la maladie. 
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CARAT6S VIOLETS. 

Observation 1 

B. L..., mul&Lre de 32 ans, naquit k Sopetran et travailla com- 
me journalierragriculture et la mineriedans des climaLs chaiids 
com me Saragoza et Remedies. 

Ni ses parents, ni ses freres, n*ont pr^sente de carat6, et seu- 
lement quelques-uns de ses onoles en sont affect^s. 

Antecedents syphilitiques probables. 

Interrogesur la maniere dont lui commenga le carate, il dit : 
dans mon enfance, et jusqu'^i I'^lge de 22 ans, j'avais la peau en 
parfait etatel sans aucune tache; mais apr^sapparut une tache 
blanchaireet livide sur mon front, laquelle disparut prompte- 
ment, Irait^e avec de la pommade citrine. 

Quelqaes mois pass6rent et des taches semblables se presen- 
terent sur les jambes, mais quin'etant pas trait^es, prirent une 
couleur violette et se g6n6ralis^rent sur toute la peau. 

L« malade 6tant d6shabiil6, on voit ceci : taches blanches » 
livides, violac6es et violettes, de dimensions distinctes plus ou 
moins contigues les unes aux autres, separ6es par des inter- 



vallesde peau saina, ou bien unie», festonn^es, formant comme 
UQ dessin de oarte g^ographique. Ges taches |yrM.0tlliiieQt Har 
le visage, les epaules, le dos des mains, les jamhei et le dessas 
des pieds. La pointe duoez pr^senle une tache violetie dool Iliy- 
perchromie unie h la dischromie livide ou ooujeur de fumfie 
des autres pelites tacbes diss^tnin^es sur le visage, doanetit I 
cet individu Taspeot d'un ariequin. 

Les 6paules pr^sentent des laches de coloration distincLe. On 
voit, en effet, au niveau des regions supra-scapulaires, des ta- 
ches de contours sinueux et feslonnes, de couleur violacee au 
centre et p3de sur la peripherie. Sur les^ regions ciaviodlures, 
on remarque de grandes taches d'lfne couleur violet famb. 

Sur les membres sup6rieurs, on voit deux graBdes taobes 
violeltes qui s'etendent de la moitie inf^rieure de Pai^trbras 
jusqu'aux doigts, excepte au niveau de Textr^initi infirieur^ 
du radius, du cubitus et des meta-carpiens, ou se trcfuvent des 
taches blanc-ros§ d'achromie complete. Les Jambes presentent 
des taches violeltes ; h leur niveau tons les poils manqueiU. 
Les chevilles sont macul^es de blanc-rose. Sur le genou gau- 
che, on voit un ulcere serpigineux, peu pro fond, d'un conlour 
violet lonc6. Les plantes des pieds sont s^cheset fondues. 

Le malade dit que toutes les taches, et spSdalemezit oelles 
des jambes, sont prurigineuses. 




Obsertratlon 2 



A... Lopez, muiatre, de 16 ans, natit'de laville d'Antioquia et 
agriculteur de profession. 

Son p^re a le carat6 violet, sa m^re et ses frferes n'en sont 
pas atteints. 

Jeune homme robuste et sans antecedents pathologiques par- 
ticuliers. 

Les membres sup6rieurs presentent de multiples taches de 
carate d'un violet-cendr6. Celles-ci occnpent la partie post6ro- 
inf^rieure des bras, les coudes et les deux tiers inferieurs des 
avant-bras. Ces taches sont festonnees et presentent un aspect 
different selon la region qu'elles occupentet leur periode d'evo- 
lution. Ainsi, sur les coudes, au niveau de Tapophyse ol6cra- 
nienne, il y a achromie complete, mais au dehors, la coloration 
est violette, et oorapietement sur la p6riph6rie, la teinte est 
pAle-fumee. Les taches des avant-bras sont plombees, plus ou 
moins cendrees. 

Sur les membres inferieurs leur distribution est comma suit : 
la face dorsale des pieds, les deux tiers inferieurs des jambes 
les genoux et les deux tiers inferieurs des cuisses. 

Ces taches different aussi d'aspect selon leur place et I'epo- 
que de Tapparition : sur les malieoles internes et externes il y 
a achromie complete ; sur les jambes, degrandes taches violet- 
tes, desquamatives et la peau est seche, oomme cartonnee et 



6paisse ; sur les genoux il y a de petiles laches d'achromie. 

Lanuit, le pruril est marque dans les jambes ellesavant- 
bras. 



Ob^erVatloi) 3 



D... Avendafio, m6tis de 30 ans, natif de Sopelran eLjourna- 
lier de profession. 

Ses parents et ses fi bres n'ont pas de caral6. 

11 y a 10 ans, apparurent sur la figure quelques iaeb^ Ulri* 
des qui devinrent 16g^rement bleues. 

L*exannen ex^erleur montre : sur le visage,sur les pommeUes 
des laches d'un violet-bleu&tre, dc m^me que ear la paiiio 
inferieure du front et sur la lovre inf^rieure ; sur d*autres 
points des petiles laches bleues et livides. 

Sur les membressup6rieurs les laches ocou pen ties deux tiers 
inferieurs des avanl-bras, les coudes et la parlie dorsale des 
mains. Aux coudes ces laches forment une esp^ce de cocarde 
tricolore ;au niveau de Tol^cr^ne, unelache blanche d'achromie 
complete, autour un anneau violet et plus en dehors un cercle 
irr^gulier d*une couleur bleu-clair. 

Au niveau des extremit6s inferieures du radius et du cubitus, 
achromie entour6e par une zone bleualre. 

Sur les membres inferieurs : taches violettes furfuracees aux 
janabes ; achromie sur les malieoles el autour de cette aohro' 
mie un anneau irr^gulier de cpul^ur violeL-fonc6, 
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Obyep^attoi) 4 

Maria T. G..., mul&tresse de 45 ana, native de M6dellin et cui- 

/ 

sini^re de profession. 

Ses parents n'ont pas de carat6. 

Elle a en plusieurs attaques de rhumatisme, une de dyssen- 
t6rie et une fi^vre typiioide. 

Cette femme dit avoir fait un voyage Sopetran, oti elle de- 
meura deux ans, sans avoir remarque aucune tache sur la 
peau ; mais peu de temps apr6s son retour k M6dellin, elle re- 
marqua queiques taches couleur de fum6e sur les pommettes, 
qui, quatre moisapr^s, devinrent violettes. 

Aujourd'hui elle presente sur les petites articulations des 
mains des petites taches acromiques, et sur les poignets et les 
cou-de-pieds, des anneaux blancs d'acliromie coinpl^te ; la peau 
sur ces points est lisse et d'une epaisseur normale, non pruri- 
gineuse. 

La langue, la muqueuse labiale et gingivale, pr6sentent des 
taches d'un violet brun. La langue et les l^vres n'ont pas de 
crevasses. 



Ob^erVntloi) 5 

Glaudina V..., mulMresse de 30 ans, native de Sopetran et 
misinifere de son 6tat. 
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Ses parents n'ontpasde caral^, mais quelques oncles en ont. 

rile a soufTert de rhumalismes et de nftvralgies. Sa menstrua- 
tion est difficile, accompagn6e de coliques uterines el ne dure 
qu'un jour. 

D'apr^s ce qu'eile dit, depuis son trfes jeune Age, elle presenle 
sur les mains el sur les pieds quelques petites taches blanches, 
plac^es sur la peau ddis petites articulations des doigts. 

Examinee aujourd'liui, on remarque ce qui suit : de grandes 
taches achromiques qui recouvrent le dos des mains et le tiers 
inr^rieurdes avant-bras; ces taches sont sym6triques et gar- 
dent one certaine ressemblance dans leup forme h contours 
sinueux. Ces di les taches sont d'un blanc rose; la peau n'est 
pas atrophi§e et il n*y a pas de pruril, ni aucune cuisson. 

Sur certai'is points ces plaques sans pigment sont entourees 
de petites laches violettes furfurac^es, tr^s discretes. Les cou- 
des et la partie interne des bras pr6sentent de grandes plaques 
blanches, lisses et semblables k la peau des enfants par leur 
douceur. 

Le dessus des pieds est presque tout blanc, avec quelques 
points d'un violet brun ; les cou de-pieds sont entoures de 
larges anneaux achromiques, rugueux. La parlie anterieure des 
jambes presenle de grandes laches blanches qui vont en mon- 
tant jusqu'aux genoux oil elles se divisent en plusiears, plus 
petites, separees par des intervalles de peau saine ; sur la par- 
tie inferieure de la cuisse les petites taches sont d'un blanc 
sale comme des laches de rousseur. 

Vers la parlie externe des pieds, on v»)it quelques taches 
violettes, seches el Tendues par intervalles, couvertes de quel- 
ques grosses ecailles. Les plantes sont calleus6s, s^hes et plei- 
nes de fissures dans divers sens. 
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Les taches violettes et les plantes. des pieds se dess^ohent et 
produisent une sensation de brmure, par 6poques qui durent- 
un mois; puis, Tardeur et la sSoheresse disparaissent. 

La malade dit que les taches blanches augmentent lentement, 
iiiftis ooastai&Qiint, d*ann6e en ann6e. 



Job6 Maria G... mul&tre de 40 ans, journalier, est natif d# 

Fredonia. 

Ses parents et ses fr^pes ne pr6sentent pas de carat6 ni 
aucune autre maladie de la peau. 

II &siMiiF#ri des ft^vres palud6ennes contract^es dans les fer- 
mes du fleuvd Cauca od il travaiflait habituellement. 

II y & quiJize ans, il remarqua sur le dos des pieds des taches 
vtoldttes qui pi^dominaient surtout vers les bords internes et 
0Stdni0it atlfui h mesure qu'elles s'etendaient, perdaient leur 
c«nleur violac^e dans pliisieurs endroits, la peau restant blan- 
che, et dans d'autres, la teinte violette se faisait plus sombre. 
Bienl6t appartirent d'auties laches violettes lisses au tiers inf6- 
rieur des jarabes, alternant avec d'autres, livides ou de couleur 
bistr^e. 

lie malade pr^sente aujourd'hui une achromie complete des 
p^Utee articulations des mains et des pieds, et de grands cer- 
olee blaiioSt sinueux et irreguliers sur les cou-de-pieds et sur 
tes r^giooe radio-carpiennes. Sur ces derniferes articulations 
K*obrooiiepr6domineduc6t6 palmaire qu'elle envahitenparlie. 
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Sur leTisage, il prisenle sur les pommettea deux taohas vio- 
lil-brun orbioulairet. Les muqueuses : labiale, gingivale et 
R^Diales moDtreflt des taches lisses d*un violei-brun, s^pa- 
r^es par des intervalles de muqueuse saine. 

Sar la jambedroite on voit uae ulo^ration it contours oiroi- 
n^, desquamati^B, violet-fonc6. La dite ulceration est non-dou- 
loureuse, mais ses bords sont tr^s prurigineux par ^oqaes. Le 
malade dit qu*il y a un an ^ la suite d*une d^bhirure avec une 
branche, au centre d*une plaque de carats, ilapparut une petite 
solution de continuity rebelle k tout traitement et qui est all6e 
en augmentant lentement et progressivement sans auoune ten- 
dance h la gu^rison. 

Les taches de carat6 que cet individu pr6sente aujourd'hui 
na sont ni desquamatives, ni prurigineuses. Les plantes dea 
pieds sont calleuses et fendill^es, mais non douloureuses, et ne 
le gdnent absolument pas pour la marche, que ce raulAtre 
comTie tous les autres liommes du peuple effectue avec les 
pieds nus ou, au plus, avec une asp^ue de sandale nomm6e ici 
abarcas, quand elles sont de cuir, ou alpargates, quand elles 
sont de ill d^agave et da coton. 



Fabriciano L..., mulAtre de 20 ans, agriculteur de profes- 
sion et natif de la viile d*Antioquia. 

Ses parents n'ont pas de carat6. Paiud6en et de constitution 
faible» 
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11 y a deux ans, il lui apparut sur la joue gauche une taohe 
couleur de fum6e h centre violace ; peu aprte d^autres laches 
plus petites, dischromiques ou d*un violet-clair envahircnt Tails 
des narines, la partie inf6rieure du front, la nuque et la face 
ant6ro-sup6rieure des oreilles. 

Des taches semblables se monlrftrent sym^triquement sur U 
dos des mains, ensuite sur le dessus des pieds et sur la partie 
inferieure desjambes et enfin sur les dpaules. 

Quand les taches de la figure apparurenl(il travaillait comme 
charretier dans les mines de Barbosa), on les traita kwec une 
solution alcoolique de sublim6 corrosif ; elles disparurent 
presque compl^tement, mais il n'en fut pas de mdme de celles 
des mains et des pieds, qui apr^s avoir disparu h demi, reparu- 
rent avec plus de force envahissant une plus grande ^tendue 
de peau saine. 

L'examen du patient montre ceci : sur la joue droite une 
tdcbe livide de trois centimetres. Sur le dos des mains une 
tache violet-cendr6, desquamative, cribl^e de points blancs 
correspondant aux cinq extr6mites inferieures des m^taoar- 
piens. La peau qui recouvre les extr^mites inferieures do radius 
et du cubitus est blanc-ros6 et lisse. Ges taches blanches 
sont non seulement sym^triques, mais elles gardent une regu- 
larity remarquable dans leur forme geom^trique. La peau des 
coudespr6sente des taches parfaitementorbiculaires et tricolo- 
res, le centre est blanc-ros6, lisse, puis un oerole violet-cen- 
dre, desquamatif et enfin une zone circin6e, p&le qui va 
en se degradant jusqu'ii se confondre avec la peau nor- 
male. 

Les pieds sont violeL-cendre, desquamatifs et crevasses. Les 
jambes pr6sentent des taches violet brun de desquamation 
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abondante, qui alternent avec d^autres pdles et de couleor 
fum^. 

Les genoux commeaceat h presenter des petiles taohes irr6- 
guli^res d'aohromie eatour^es parde grandes plaques ondrtofli 
desquamatives. 

Sur le dos on voit des plaques gigantesques h contours gio* 
graphiques d*uae oouleur violet-oendr^ et luisantes oomme si 
on y avait pass6 une couche de collodion. Ces taches aUernent 
avec des intervalles de, peau saine et avec d'autres peiltaa 
taches d'une couleur fum6e ou gris-cendr^. 

La desquamation est abondante et le prurit intense le soir en 
se couchant. 



Benancio v.... mulAtre de 22 ans, naquit A Medellin et ful 
6lev6 sur les rives du fleuve Cauca, cix il a travaill6 depuis r&ge 
deSanscomrae journalier dans les fermes de troupeaux. 

Jeune homme de constitution vigoureuse, sans ant^cMents 
syphilitiques h^reditaires ni personnels. 

II a souffert de fr6quentes atlaques de malaria. 

II y a un an et demi se montra sur sa jambe droite^une petite 
tache de carats bleu, qui s*etendit circulairement juaqu'li foiv 
mer un anneau complet. 

Danscertaine occasion, 6lant demeure tout unjour les jarabes 
dans Teau d'un ruisseau, le soir en se couchant, il commence k 
^prouver une douleuret une sensation d'ardeuriice niveau; deux 
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jours apr^s appararent sur la tache de carats de pelites v6fticu- 
les pleines d'un liquide Iransparenl ; les dites v^sicules se 
roinpaient el r^pandaient constamment une eau claire assez 
aboQdante, surtout quand il marcbait. Ces v^sicules sont allies 
en s'ulc^rant profondement. Apr^s sept mois, sur cetle partie, 
sont apparues des petites tumeurs grosses comme une cerise; 
ees tumeurs apparaissent el augmentent pendant vingt ou 
Irenle jours; ensuile elles s'ulc^rent el suppurent et enfinelles 
reslenl stalionnaires, r^pandanl un liquide clair compl^lement 
iuodore. Leur duree esl longue et si la gu^rison survient spon- 
tanement, elles laissenl une cicatrice profonde, d6prim6e, irr6- 
guli^re et ind^iebile. 

ASPECT EXT6rIEUR. 

Tout le revers du pied droit el la partie anl^rieure de la 
jambe sont sem6s de tub^rcules de taille distincle, quelques- 
uns ulc6r6s, de fond pultac6. Ces petites tumeurs allernent 
avec des cicatrices d§prim6es et de grosses 6cailles nacr^es^ 
psoriasiques, qui d^crivent une limite de contours circin6s et 
sinueux. 

Sur le genou du mSme cote, on voit des cicatrices gaufr^es et 
irreguli^res, entour6es d'abondantes 6cailles; les tubercules 
suppur^s sont couverts de crodtes ecthymateuses, nacr6es et 
qui lui occasionnent un prurit intense pendant la nuit. 

-Sur le coude droit, on voit une tache violet-brun, serpigi- 
neuse, recouverte de grosses ecailles nacrees, et en outre quel- 
ques petits tubercules non ulc6res. Cette plaque est tres pruri- 
^ineuse pendant la null dans certaines oocasioos. 
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Le malade ne peut pas travailler et la marche lui cwm do la 
douleur dans les tuberoules ulcer^s. 
Actuellement ce malheureux vil de ia charity publique. 
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Brigido B..., m6tis de 58 ans, natif de Bello. 
11 pr^seate une parapl^gie spasmodique d*origine sp6cifique, 
depuis 14 an9. 

II y a vingt ans, apparurent des taches violac^es sur les 
pommetlesel sur la partie inf^rieure du front. A cette epoque 
ii travaillait oomine peon dans les mines de Remedios. 

Ses ascendants n*ont pas eu de caral6 ; son Spouse a la mdme 
esp^ce de carats que lui. 

Aujourd'hui, il pr^sente sur la partie antero-inferwuro des 
avant-bras et la paurae des mains des taches 6normes, feston- 
n6es, de couleur blanche, et sans la moindre desquamation ni 
aucun 6paississement de la peau ; les dites taches se terminent 
nettement, sans transition avec la peau saine. 

Sur le dos des mains on volt de leg^res petites tachds d*an e 
couleur violet pur et furfuracees. 

Aux jambes et aux cuisses de grandes plaques blaaohM 
alternent avec d'autres violettes, desquamatives et qui sant 
separ6es par des petites bandes de peau saine. 

Les taches violettes sont tr6s prurigineuses dans le membre 
inf^rieur droit, mais non dans le gauche, parce que c#lai-oi 
•st anesth6sique. 
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Le gland pr^sente une lache de carats blanc, de m^me que la 
region inguinale gauche. Le visage roontre plusieurs taches 
violettes plus ou moins fusionn^eset non desquamatives. Sur 
la poilrine el Tabdomen on remarque de grandes taches de 
carat6 blanc, aux contours festonn^s et g^ographiques. dos 
pr^senle des laches blanches, mais moins grandes que celles 
de Tabdomen. Les bras aussi sont afTect^s. 

II faut remarquer que les laches violettes des membres sonl 
plus ou nnoins desquamalives et'prurigineuses, tandis que les 
blanches, distribuees irr^guli^remenl sans aucnne predilection 
pour les regions articulaires, sont lisses, avec la peau douce, et 
jamais prurigineuses. 

Les articulations couverLes de peau blanche Tonl 616 par 
propagation secondaire el non par Tapparition primilive sur 
les parties osseuses saillantes, des taches achromiques qui 
accompagnent ordinairement les carat^s. 

Get individu montre done deux esp6cos de carat6s, le violet 
qui parutd'abord,el le blanc vrai,qui parutpeu apr^s sur d'au- 
tres points de la peau qui n'avaientpas encore 616 louch6s par 
le carat6 violet. 

Le malade 6tanl examin6 avec attention, on voit que les deux 
esp^ces de laches 6voluenl parall61ement, sans donner les unes 
origine aux autres, etsans que les blanches^ soienl une regres- 
sion finale des violettes. En outre, tandis que les taches vio- 
lettes apparues les premieres sont rest6es stalionnaires, les 
blanches, leucodermiques croissent et envahissenl la peau saina 
lenteaieat, mais d'une mani6re ind6finie. 4 
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Juan B. H..., mul&tre, &g6 de 30 ans, agricuiteur, oatif de 
Betulia. 

Ses parents et les autres membres de sa familJe n'onl pas de 
carats, de trichophytie, ni aucune autre maladie de la peau ou 
du cuir chevelu. 11 ne se souvient pas d*avoir 0tt Moun ani- 
nial domestique avec la teigne. 

Get honnnie a souffert des fi^vres intermiltentes, ei il a eu la 
fifevre typhoide il y a un an. 

II y a huit ans apparurent des plaques orbiculaires, 6ryth4* 
mateuses, crevass^es et douloureuses sur les jarabes. Un an 
aprds, des taches semblables se montr^rent sur le Iroiit, enva- 
hissant par propagation une partie du cuir chevelu, mais sans 
affecter notablement les cheveux. Deux ans plus tard, les dites 
taches apparurent sur les membres sup6rieurs* 

Etat actuel. — Sante genferale bonne. Sur les jafnbes> les ouis- 
ses et les hanches, de m^me que sur les bras et les avaai-brai, 
il pr^sente des plaques erythemateuses k bords sailiaiits» en 
r«lief,g6antes, circin^es, qui progressent excentriquemeilti iais- 
sant un centre de peausaine; la desquamation est superBelella 
et mod^r^e, la coloration de ces taches est lie de vin ou vio* 
lette, excepte sur les bords qui pr^sentent une couleur rouge&« 
tre d'6ryth^ine« 
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Geft taohes commencent parun petil bouton squamulaire-qui, 
en croissant forme des plaques orbiculaires qui, s'unissant lea 
unes aux autres, prennen't un aspect serpigineux et sec. 

Tous les poils des regions atlectees ont disparu. 

Le prurit est intense et le malade se gratte jusqu'a faire jail- 
lir le sang. Par dpoques, il sent dans ces regions une sensation 
d*ardeur comme une brtilure. 

Les parties d^couvertes sont saines, de m^me que Id t^te qu 
conserve une chevelure abondante. 



CARAT6 NOm-VIOLACfi. 

ObyevVatloQ 11 

Pedro A.,., nfegre de bO ans, natif de Remedios et mineur de 
profession. 

Ses parents et ses frdres n'ont pas de carate. 

D^s r&ge de 25 ans conimenc^rent k se montrer quelques ta- 
ohes gris-cendre et noires sur Ta van t-bras gauche. Les dites 
taches all^rent croissant et se disseminant sur tout le membre 
gauche, laissant seulement quelques intervalles de peau saine. 

Ensuite apparurent sur I'avant-bras droit, et plus tarl sur les 
jambes, ces mfimes taches. 

Etat acluel, — Le malade, de constitution vigoureuse, pr6sente 
plusieurs taches blanches au niveau de toutes les petites arti- 
culations des mains (partie dorsale). 

Degrandes taches achromiques sur la partie antero-inf^rieure 
Monloya 9 
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des avanl-bras ; ces laches soni compl^tement sym^triques. La 
pcau lie ces tarhes est douce et blanc-ros6 comme la pe&ud'un 
enfant ; les poils manquent sur toules les taches. 

A c6t6 des laches achromiques du poignel, on en voit d'au- 
tres petites, de couleur noir de plomb, desquamatives e cre- 
vassees^ intervalles, presentaiit k defautde poils udemilllttQde 
de petits Ircus de la grosseur d'uhe t§te d'epingle. 9iif iapftr- 
lie.posberieure des avanl-bras, on voit des laches noiraa et 
d'autres plus pelitcs a reflets violets : sur quelques pointdt on 
apergoit des petites taches dischromiques d*un gris de fuai4e. 

Sup les membres inferieurs, le malade pr6sente d© gimdes 
taches noires ot cendr6es desquamatives et s6ches, qui lui 
occasionnent lieaucoup de prurit, surtout pendant la null. 

Le dessus des pieds montre quelques petites taches d'achro- 
inie. Les plantes sont coriac^es, calleuses, s^ches et fen- 
dues. 

Sur le tronc, on voit des macules noires ou cSndrtos, sSpartes 
par des interval les de peau saine. 

Depuis quatre ans il lui est apparu uno tache noire sur le 
nez, laquelle se propage lentement sur les.joues, prSsentant la 
fOiino d'un papillon les ailes ouvertes. 

Les levres sont tachees d'un violet brun. Tout Tinterieur de 
la niuqueuse bucco-pharyngienne est tachet6 de petiles ma- 
cules violet-brun. 

La partie dorsale de la langue est crevass6e et presenLe une 
taciie irreguli^re de couleur violel-brun ; le malade dil qu'au- 
paravant il^ ne Tavait pas et qu'elle ne lui est apparue que MS 
dernieres annees sans affecler en rien ni son goAt ni 3a ddglu- 
tition. 
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C..., Arenas, n6gre, &ge de 18 ans, journalier, originaire de . 
Fredonia, a pass6 presque tout son temps sur les rives du 
fleuve Cauca. 

Sa m6re present© la merae esp^ce decarat6 et oelui-ci occupo 
plus ou moins les mfimes points. 11 a souffert des fi^vres 
palud^ennes. D6s sa plus tendre enfaiice, 11 montra des peti- 
tes taohes blanches sur les articulations des mains et des 
pieds. 

Aspect exterieur. — II presenle sur le dos des mains, vers 
rextremit^ inf6rieure des metacarpiens, quelques taches d'achro- 
mie qui alternent avec des espacea de peau saine ou d'un vio- 
let-brun. Sur la partie infnro-anterieure des avant-bras, il y 
a deux grandes taches d'achromie qui pr6dbminent vers le bord 
cubito-palmaire. Aux coudes, on remarque deux (aches achro* 
miques de la grandeur d'un franc, entour^es d'autres petites 
taches blanches, le tout cercl6 par une large zone ^violet- 
plomb6, tr6s desquamative et s6cbe. Sur le pli du coude 
droit, on voit une grande tache noire. 

Les cou-de-pieds ont de larges anneaux achromiques, sym6- 
triques et gardanl une certaine ressemblance de forme. 

Ges plaques blanches sont entour6es par d'autres d'un noir- 
plomb6, desquamatives et h intervalles violac6s. Les jambeg 
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sont envahies, h la mani^rc dcs vicu.v arbres par ies lichens, 
par des laches auires ou cendr6es, scrpigiaouses qui au niveau 
des geiioux sont inlerrompues par plusieurs Laches d'achromie 
assez pe tiles. 

Ces laches des jambes soul tr^s pmirigtaeusds la nuit* 



Observation *3 



Francisco B..., m6Lis de 55 ans, natif d'Arnienit et OUVrler 
dans dos mines de chaux. 

Ses parents et ses fr^res ont le carats noir-violac§« 

ActueliemeiUje caral^ de eel individu a i*asp60i saiVftDt : 
sur le nez, les pommetles, la partie ant6ro-sup6rieiire des orfeil- 
les, des taches noir-violac6 qui donnent la physionomie un 
certain air badin et carnavalesque; ces plaques sont furluracees ; 
elles parurent il y a 45 ans et il les altribue h des inousliques 
qui le piqaaient et qu'il 6crasait dans les susdites regions 
quand il 6tait en train de travailler. La nuque eile ecu pr6- 
senlenl plusieurs taches noires, lisses. Sur la poitrine, on volt 
une b.inde noire, de trois centimetres de largeur, qui s*^tetld 
de la partie superieure du sternum k I'appendioe xypholde* 
Aux CO u des se remarquent de gran des taches nolf-^violaei 
avec trois points acliromiaues au niveau de rolecrftne, de l^i- 
lrochl6e el de Tepicondyle. 

La peau du tiers sup6rieur de Tavant-bras est normale, niais 
ceile des deux tiers iuferieurs presente une grande plaque 
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noire, Hmit^e par une bande blanche dans la region palmaire 
du poignet. Le dos des mains a sur toute son 6teiidiie le carats 
noir avec des Laches achromiques sur les parlies saillantes 
des articulations nnetacarpo-phalangiennes et de la premiere 
avec la deuxi^me phalange. 

La paume des mains monfre im commencement d*achromie. 

Les deux jambes ont le carale noir-violace et la peau du tiers 
inferieur, de m6me que celle des malleoles et <les talons pr6- 
sente une epaisseur considerable ; elle est seche. cartonnee et 
couverte de grosses ecailles d'un gris-sale. 

Le dessus des pieds a des taches violet-briin qui alternent 
avec Tachromie des articulations. 

La muqueuse labiale et buccale presente diverses . petites 
taches violeL-bnm. 



Ob^epVatioi) 14 

L6on R..., n^gre, nalif de Anzi, Ag6 k peu pr^sde 45 ans, ba- 
telier de profession dans le port de Garamantadu fleuve Cauca. 
Ses parents furent atteints de carats. 

Le carat 6 com men Qa chezlui, vers 25 ans, par quelques laches 
de couleur violet clair, sur lei pommeltes; plus tard d'aulrcs 
taches semblables parurent sur divers points du tegument 
ext?rae. Dans la parlie centrale de quelques-unes de ces taches 
se.montr^rent des taches blanches qui all^rent s'unissa it jus- 
qu'^i former des plaques achromiques de grande taille. 

Le malade pr6sente aujourd'hui ce que le D' Gomez appelle 
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caraU overo, c'est-k-dire, de grands intervalles de peau d^pig- 
Oient^e et com[»l^lement achromique, au niveau des genoux, 
d08 ooudes, des os des clie\ illes> «les irochanters, des fesses et 
do scrotum. 

Les laches violeltes qui restent sont petiles et tr^s discretes, 
et seuferaent un examen attentif les fait remarquer; ces peti- 
testficiies hyperchromiq^s se rencontrent sur la p6riph6rie de 
quelques enormes laches hlanches. 

Le gland pr6senle une lache violet brun et lisse. Les mu- 
queuses, labiale, linguale el palatine pr^sentent aussi plu* 
sieurs plaques violeltes et lisses. 

Chez les gens de cetle profession afTectes de carate (rameurs 
des grands fleuves des climats chauds) il est Ir^s frequent de 
voir une achromie arliculaire pr6coceetqui forme des plaques 
blanches considerables, sur le de^veloppement desquelles influe 
cerlainemenl le contact constant ou tr6s fr^quenC de Teau qui 
macfere r^piderme et d6bilite sa resistance. 



Ob^erVatloi) 15 

Cesario E...,. n^gre.de 66 ans, natif de Santarosa a pass6 la 
plus grande parlie de sa vie travaillant comme peon dans les 
mines de Remedies. 

Un de ses fr^res pr6sente le carate noir violace, ses parents 
ne Tonteu d'aucune esp^ce. 

A I'ftge de f8 ans apparut une lache noire fariheuse sur Ta- 
vant-bras droit; quelques annees plus tard des laches sembla- 
]>ies avaient paru sur d'autres points. 



G 
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II a 616 palud^en. 

Le malade, de Gonstitulion vigoureusfi, monire sur les mem- 
bres sup6rieurs et inf^rieurs de grandes tfiches noir plomb6, 
tr^s desquamatives el prurigineuses; les dites laches sont se- 
parees par de petils intervalles de peau saine. Sur la partie 
inferieure de ravaat-bras gauche, il presenle un aniieau irregu- 
lier d'achromie el ie m§me se voil du c6le droil avec une 
grande sym^trie et ressemblance g^ornelrique. 

La peau de la poilrine el de Tabdomen esl desquamalive et 
maculee abondamment de noir; ces laches sonl herissees de 
points saillanls comme des teles d'epingies, a d6faul de poils 
qui tons ont compl6temenl disparu faisant conlrasle avec la 
peau saine qui en est abondammenl garnie. Sur le dos, on voil 
des plaques noires geantes, desquamatives ; dans la parlie 
cenlrale de celles-ci et sur ies apophyses 6pineuses se remar- 
quent deux laches achromiques, aux contours irises et 
violets. 

Ge rnalade presenle sur les I6vres el sur la langue des petiles 
macules violettesde la largeur d'une lentille; la langue monire 
des crevasses transversales, mais qui n'occasionnent aucune 
douleur, 

Les oreilles onl des pelites laches leuligineuses, violelles 
Sur le neZr on voil une taclie violet brun qui s'etend et s'a- 
graiidit sur les pommeltes, formant le dessin d un papillon 
6norme avec les ailes etendues. 

Les plantes des pieds soul calleuses dessechees, couvertes 
de grosses 6cailles el excessivemenl crevassees dans loules les 
directions. Ces crevasses sonl Ir^s ardente.sk certaines e[)oques 
el quand il marche beauGoup, il se Forme des phlyclenes cpii, 
en se roinpaut, laissent le derme nu et trcs douloureux. 
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CARATfi ROUQE. 
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Madame X..., 0., Ag§e de 50 ans, de race blanche, native el 
r^sidant a M6dellin oti elle vit de ses rentes, dit avoir trois 
fr^res avec le carate. rouge generalise et line soBur peau ooin- 
pl^tement saine ; eette sceur a seulemenl 24 ans. 

11 y a 30 ans, apparut chez elle une tache erythemateuse, fes- 
onn^e et en relief sur la partie posterieure de Tavant-bras 
droit ; la dite tache d'une couleur rou^!:e-brique etait abondam- 
ment couverte de petites ^cailles blanches et etait d^s le com 
mencement tr6s prurigineuse, cuisanle et s^che par 6poques. 

Aujourd'hui on voit sur I'avant-bras une tache lupiforme 
g6ante, qui couvre presque toule la partie inf6rieure du raem- 
bre, inclus la face dorsale de la main. 

Gette tache est serpigineuse et en relief, couverte de menues 
squames etest d*une couleur rouge-brique ou tuile. 

Le reste de la peau est completement sain, excepte les deux 
paumes des mains qui sont s^ches et preseritent une multitude 
de grosseurs calleuses, du volume d'une t^te d*epingle ou 
d'une lentille ; les dites callosites se d^tachent de temps en 
tejtips en laissant une grande quantity de petits trous. La 
pression de ces clous corn^s est douloureuse. Gette dame dit 
qu'i de oertaines epoques Tardeur et la s6cheresse des mainj 
sont consid6rables« 
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Le prurit est presque permanent et produil un chatouille- 
ment tr^s d^sagr^able. 
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Madame X. V..., ag6e de 40 ans, m6li9se, native et residant k 
M6dellin, oil elle vit de ses reates. dil n'avoir aucune personne 
de SH famille alteinle de carate. 

11 y a 15 ans, parut sup la parlie inferieure du front une pe- 
tite tache 6rythemaLeiise, desquamative et cuisante que tous 
ies medecins, que Ton consulta, prirent et trait^rent pour un 
Jupus eryth^mateux. 

Aujourd*hui toute la figure, jusqu'au bord dn ouir chevelu 
est oouverte de taohes rouges, peu saillantes et couvertes d'6- 
cailles larges, et minces. Ces taches sont separees par d'^troi- 
tcs bandes de peau saioe. Les plaques sont sfeclies et cuisanles. 
Les l^vres minces, dess6chees et pleines de menues crevasses 
sont ardentes. 

Tout le reste de la peau est normal et la ctieveiure abon- 
dante. 

Notre premiere impression fut celle d'un lupus serpigineux, 
6ryth6mateux ; mais vu sa resistance aux nioyeiis olassiques 
employes oomme traitement, nous limes I'analyse microscopi- 
que et nous trouvAmes en abondance ia moisissure du carats 
rouge avec ses fruits oaraoterisLiques ; alors nous le traitAmes 
avec la chrysarohine q-n, en 15 jours, nettoya compl6tement 
touta la figure. 
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Observation 1^ 



Juan J. R...,»le peiii blanche, natif tie Concordia (climat 
froid), de '^7 ans, et mulelier de, profession, dil que son 
pfere, sa mejre et une soBur onL le carale rouge. 

II y a7 ans, il lui sortit une lache rouge sur une ohdville, 
ensuile sur ie dos de la main droite el apr^s sur la fftll6li0. 

Aspect exlerne. — Le dos des mains, le tiers inftrieur des 
avant-hras, le dessus des pieds et le tiers inf^rieur desjamlies 
presontent des laches rouge-brique ou rouge-violae^, donl 
quelques unessfeches, cartonn6es, desquamalives et fissums. 

Les paumes des mains son t seiches et pleines d'un pointill§ 
comme des t(Mes d'epingle, ces pelits points cornfes sent tr^s 
sensibles & la moindre pression et Ires cuisants par epoqne?. 

Sur les plantes des pieds, la peau est s^he, d'une epaisseur 
considerable et crois6e en tons sens par des fissures abondaa- 
tes et profondes que le malade ooud avec du fil pour ftvittrlea 
cailloux qui, en marchant, s'y introduisent* Ces fissures saigneni 
fr^quemment et ^ certaines 6poques la marche est impossible IL 
cause de la douleur. 

Dans les parties couvertes du corps (r6gion pect(imle» bn»), 
on voit des laches, livides, lisses et 16g6rement rougeAtres au 
centre ; ces taches out de 5 10 centimetres d'extension ; ellas 
ne le d^mangent ni ne le brQlenl comme les autres. 

Ge jeune homme fut traits par un empiriqiie de renom el un 
mois apr6s, il vient kla consultation ou je pus verifier la dis- 
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parition des crevasses des pieds de mftme que Thyperk^raLi- 
nisation de ceux-ci et des mains. Les taches rouges eL violet- 
tes des avaut-bras et des jamhes avaient dispftru laissant 
seulement la peau un peu ^cailleuse et grosse. Les plaques 
blanchAtres, dischromiques du ironc et des bras n'avaient 
pas change. Comme le malade continua son metier, et k 
voyager h un port du fleuve Magdalena, qualre mois apr^s 
les taches rouges des mains avaient reparu. 



R. P..., Agede 18 ans, de race blanche, eludiaul, natif de 
Medellin. 

Aucune personne dans sa famille ne [)resente de maladie de 



11 dit n'avoir jamais eu la teigne ni d'autre maladie qui lai 
ait fait tomber les cheveux. Ge jeune homme alia au mois de jan- 
vier(l896)dansunererme de terrechaude(bordsdu fleuve Gauca), 
et en revenant il remarqua une pelite tache circulaire de la 
grosseur d*un Franc sur le genou droit ; cette plaque etait rouge, 
Ary them ate use et lui occasionnait un prurit leger. 

Elal aclueL — Sur le genou droit une grande plaque rouge- 
pAle qui'la recouvre en complet, est desquamative et limitee . 
par un rebord net, saillant; U partie centrale pr^sente 
une peau normale, excepte deux petites taches qui restent 
encore, Celte tache crolt lentement et d'une manifere excentri- 
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la peau ou du cuir chevelu. 
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que, et tandis qu'elle gagne du terrain sur la p6riph6rie, ellese 
gu^rit au oentre. 

Sur le brastlroit, il preseote uQe^itaque circuiaire, ideotiqae 
^omme forme g^om^lrique k la premiere ; celle ptfti|iui ttftl 
aussi ^ryth^mateuse, bords en relief ; la peau ceiilrtle eal 
normale, le prurit modern et la desquamation legere ; oette ta- 
che apparut quitre mois apr^s, el il raltribue k uneiiiio4no* 
culation pour s*6tre gratle le bras aprc'js s'etre frolic la plaque 
du genou avec la main gauche. 

Le monomorphisme et Torbicularile, de m^me que iouv petit 
nombre et, le fait qu'elles sent circonscrites aux parties cou- 
vertes, nous avaienl fait penser k une trichophytie, de eelles 
appel^es exotiques; mais Texamen microscopique, C0minelm 
culture des ^^ailles, ne montrerent auoun trichophylon» tnai* 
quelques myceliums e^ beaucoup de cellules en raq!i0tte. Vii 
CO fait, uni aux cultures qui donnent le champignoa du earati 
rouge, nous abarvdonn/lmes tout doule sur la veritable origioa 
de la malatlie. 11 s'agissaitd*un carate rouge trichophytaide. 



Pedro M. A..., blanc Ag6 de24 ans, rntif de Titiribi, journa- 
lier de profession, s'est oocupe k de rades travaux da eaixi(>&-* 
gne. 



GARA.T6 BLEU. 



/ 
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Ses parents et ses litres n*0Qt pasd) carats ; seulemeut un 
OQole pr^etite Tesp^oe violelte. 

D6s r&ge de 3 aas commeQc^rent h se montrer des taohes de 
carats d*uQe couleur^rougelltre qui, peu apr^s, devinreat 
bleues ; oos premieres plaques lui sortirent sur le front, i'ardte 
du nez et les pommettes ; cinq ans apr^s, des taches bleues 
parurent surle dos des maing, et ensuite des pieds. 

Ai\iourd'hui, on voit des taohes bleues, festonn^es, sur la par- 
tie inf^rieure du Iront, les joues, le nez, la l^vre inf^rieure ; 
ces taohes vont en se d^gradant etse confondent insensiblement 
ayec la peau normale. La partie du front qui est ordinairemenl 
h rabri du soieil et couverte par le chapeau est compl^tement 
blanche et normale. Les avant-bras et les mains pr^sentent 
plusieurs plaques bleues. 

Dans la region pectorale, on remarque quelques taches bleu- 
violac6 et d'autres petites et discretes d'une couleur ros6e, ou 
16gerement rouge&tre, entour6es par une zone bleu&tre. 

II n'y a pas de prurit ni de desquamation, et la peau des ta- 
ches de carat6 n'est pas ^paissie et preseute Taspect du tegu- 
ment sain. Pas de crevasses palmo-plantaires. 



CARATfi NOIR D'ENCRE ET BLANC. 

ObyeFVatfoi) ^1 

Suzana R..., n^gresse de 38 ans, native de la ville d'Antioquia 
et cuisini^re de profession. 
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Ses parents et ses frferes n'ont pas de oarat6, une tante a le 
carats blanc ; a soufTert d'uo rhumalisme et de fiftvres palu- 
deennes. 

Ella reside h Medellin depuis son tr^s jeune Ageti li, quand 
elle ^tait &g§e de 20 ans, parut un petit bouton sur une Jamba. 
U d^naangeait beaucoup et -alia 3*6tendant en formant dea 
taches noires et blanches non cons^cutives, mala timiilUatea; 
ces taches envahirent Tautre jainbe et les bras anmiite, 4 aiis 
apr^s. 

Aujourd'hui on voit sur les avanl-bras quelques taches peti- 
tes et noires com me de Tencre et d'autres blanc-rose sur la 
partie auterieure, qui recouvrent tout le tiers lnf§rieur et lei 
paumes des mains. Le dos des mains pr^seute unt multitade 
de points blanc-ros6 s^pares par des Hots irr^uUers de peau 
saine et de couleur normale. Les jambes et le desaun des pieds 
ont de grandes taches blanohea, lisses* et quelquift ptIIlM dTto 
noir d*encre, le tout sSpar^ par des bandes minces et iif^guKfens 
de peau saine. 

Les plaques blanches gardent une certaine sym^trie et regu- 
larity de forme. 

Ces taches ne sont pas desquamatives ni prurigineuses et Tl- 
paisseur de la peau est normale et celle-ci estsouple* MBUk 
remarquer sur les surfaces palmo-plantaires ni sut* les muqueu- 
ses. 
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CARATS P80IUA8IQUB. 
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Rafael B..., blanc, natif de Medellin, de 35ans. 
Parents el fr^res sans carate ni autre maladie de la peau. 

Trois ans apr^s avoir travaill6 dans une mine de Remedios, 
apparurent sur la jambe droite un grand nombre de petites 
pWyctfenes qui le d^mangeaient beaucoup. Peu apr^s des phlyc- 
t^nes semblables se montr^rent sur d*autres points de la peau. 
Ces phly clones se s6chaient et se recouvraienl de quelques 
ecailles blanches comme du papier de riz. 

Autour de chaque papule squameuse sont apparus des oer- 
cles eoncentriques d*6cailles de la mfime couleur jusqu'ii for- 
mer d^s plaques de dimensions variables, aux contours feston- 
His donnant origiae, en s'unissant avec d*autres, & des figures 
oircia^es, giroldales. 

Audourd^hui cette affection a deux ans d'existence et presente 
Taspeot suivaht : sur la poltrine, des plaques g^antes de con- 
lours g6ographiques, de couleur 6rythemateuse et desquama- 
tiveR, enlour^es de peau saine. Ces tacbes sont nettement limi- 
i^es de la peau normale par un rebord saillant. La desqua- 
maiian est ^norme, les Ecailles sont larges (jusqu'ii un centi- 
Ia6ir&) et blanc-cr^me. 
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Le ilos est compl^temenl envahi, el il rests seulement des 
, pcUls points de peau saine. Les membres superieui'.s el infe- 
riears prSsentent les m^mes 6norcnes Laches pleiaes de larges 
ionillesi d'aspect psoriasique. ^ 

Toules ces macules sont prurigineusesei plus que (otil 001- 
santes par ^poques. 

Surledosdes mains et des pieds les laches sont rougas, 
{leliids (pi^ce de 2 francs) et moins ^otiUeusas. La niiq^tt le 
ront, les oreilles et les joues montrent diverses petites 
taches squameuses, s6ches, circindes; quelques-unes arrivent 
jusqu'au rebord du cuir chevelu, mais s'arrfitent sans allecter 
en rien les cheveux, que cet individu a aboadants. 



CARAT IMP^TiaiNBUX. 

Observation 23 

Lazaro G..., m6tis, &g6 de 35 ans, natif de Barbosa et peon, 
dit que dans sa famille personne n'a de maladies de la peau. 

Cet individu a une luberculose pulmonaire depuis deux ana. 

I! y a cinq ans apparurent chez lui de grandes pusiiilda datts 
la rdgioa inter-scapulaire ; celles-ci se oouvraieni bientdt 
de grosses oroAtes blanc-sale et 6taient trfes prarigloeases. 
Aujourd*hui on veil des macules blanches cicalrlcielles, alters 
nant avec de grosses croiltes ecthymaieuseSi giroMes <|uf 
formenl des figures circinees, et dont Textension est exeeaM- 
que» le centre se voyant convert par des laches d'aobromif 
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regmsivt dSiiie r%i]lanU g<om6triqae remarquable ; le dos, 
l«s brftSy le visage et la nuque aont pleins de ces crot!^tes imp6 - 
llgineuses» 
Le prarit esl grand quelguefois. 

Le microscope montre une gpaade quantity de myceliums 
plBlm de fruits sporulto de Garat6. 
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UJpiana S..,, mulitresse de 26 ans, native de San G6ronimo et 
servaoie de profession. 

Kile a M paliiddeEiit et; rhumalisanle. Aucun ant^c^dent 
aypbilitiiiiie persontiel ni h^§dilaire. 

11 y a trois aas parureni des petites v6sicules pleines d*eaa qui 
m coQvertiss^ent bientdt en pustules tr^s prurigineuses et 
iZlAtue dauloureuses. De grosses croiltes se formaient et en 
iombaaielles laissalent une tache achromique; mais pendant 
que le centre gu6rissait, auto ur apparaissaient d'autres petites 
vesicules qui siii vaient le mfime cycle. Cette premiere Eruption 
sorlit sur la cuisse gauche, puis passa h Tautre et ensuite aux 
bras. 

Aujourd'hui de grandes plaques ecthymateuses se voient,dis- 
pos^et en serpigfaeuses eircin6es et de raarche excen- 
trique; ces zones co'noentriqaes pr6sentent un centre convert 
de Doacules aohromiques, Usses, de la grandeur d un franc. 

Presque toule la superficiedu tegument externe est affect^e 
It reste seulemeni de petite Hots de peau saine et de couleur 

>raia]e. 



Le cuir chevelu pr^sente aussi, sur quelques points, de gran- 
des crotltes d'une couleur grisAtre, mais les cheveux ne sont 
pas lomb6s. 

La malade dit qu'une de ses compagnes avail oette maladie 
et qu*ell6 Ta oontagioQn6e. 

Le microscope montre le mycelium du carats aveo nombra 
de fruits sporulis. 



Vu : le president de la thdse 
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In the literature of vertebrate paleontology there 
are a number of incidental references to the diseased 
nature of the fossilized bones of fishes, reptiles, birds 
and mammals. The lesions represented in a fossil 
condition show a variety of diseases which are com- 
mon today, indicating the great antiquity of disease. 
It is manifestly impossible to correctly diagnose, 
on the basis of our knowledge of modern diseases, 
the lesions which are preserved to us in a fossil 
condition. In the extinction of the ancient races of 
animals certain diseases without doubt became extinct 
with them, and it is partly the purpose of this study 
to inaugurate an inquiry into the nature of ancient 
diseases. No attempt has yet been made to study 
carefully all of the evidences of disease among ancient 
animals since these conditions, whenever noted, have 
been referred to only in an incidental way. It is no 
doubt true that the general processes of pathologic 
conditions will be found to be the same or at least 
similar in ancient geologic times and at the present 
time. Our studies to date indicate this clearly. Wc 
wish also to point out that some of the diseased con- 
ditions to which man is today an heir may have orig- 
inated back in the Paleozoic and the human race has 
inherited some of its troubles at least from the fishes 
and reptiles which lived many millions of years ago. 

The diseases which have been cited among the fos- 
sil vertebrates are : 

/. Caries, which is very common among fossil verte- 
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brates and has been described by Renault^ as occurring 
among Permian fishes 25,000,(XX3 years ago. A large 
marine reptile, one of the Cretaceous mosasaurs, 
shows in the left mandibular ramus extensive evi- 
dences of the ravages of this disease. In an early 
Tertiary species of the three-toed horse the mandible 
has been affected by caries and possibly also by 
actinomycosis, as well as by pyorrhea. Caries has 
been noted in the jaw of a mastodon, and in the early 
cave bears of Europe. 

2, Pyorrhea is especially evident in the absorbed 
alveolar margins and in the loosened teeth of a three- 
toed horse from the Miocene of North America and 
is also otherwise indicated in the cave bears. 

J. Deforming arthritides are fairly common among 
fossil vertebrates and indicate a variety of pathologic 
conditions. The most prominent case of a deformed 
joint is the case of two caudal vertebrae of a large 
dinosaur, the interarticular surfaces of which have 
been extensively deformed and surrounded by huge 
exostosial growth. The enlargement is somewhat sug- 
gestive of the lesion of chronic osteomyelitis. It may 
be a callous growth possibly due to a fracture of the 
caudal vertebrae, or it may be a bone tumor. The 
mass resembles the tumor-like masses of oak trees. It 
entirely encircles the vertebrae and has involved fully 
half of the two bones. All evidences of separate 
structures are obliterated, and the two vertebrae are 
fused into a single mass. The specimen has a length 
of 26.5 cm. and a weight of 5.1 kg. The circumfer- 
ence of the normal articular surface of one of the 
vertebrae measures 27 cm., and the same measure- 
ment around the middle of the tumor-like mass is 38.5 
cm. The lesion has involved a length of 12 cm. Its 
surface is generally rather deeply pitted. There is an 
unusual ventral growth, which has carried with it the 
chevron, the bony process which served to protect the 
caudal vein and artery. 

The condition sometimes spoken of as rheumatoid 

1. Renault, B., 1899-1900. Sur quclqucs Microorg^anismcs des com- 
bustibles fossiles. Bulletin de la Societe de I'lndustrie mineralc Saint- 
fiticnne. Tomes 13-14, with folio atlas of 20 plates of untouched photo- 
micrographs. 
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arthritis has been noted in the cave bears, in certain 
fossil human skeletons, in the famous Lansing man^ 
of Kansas, and it is probably indicated in the Creta- 
ceous mosasaurs. 

A similar indication but of more extensive growth 
is evident in the cave bears of the Pleistocene of 
Europe which have been studied especially by Rudolf 
Virchow. Deforming arthritides are said to be quite 
common in fossorial mammals. 

4. Osteomyelitis is indicated in the dinosaurian cau- 
dals described above, and in certain phalangeal ele- 
ments from the Pleistocene of California. 

5. Exostoses due to trauma, indicated as callous 
growths around fractures of ribs and limb bones, or as 
outgrowths due to chronic irritation or infection may 
be said to be fairly common. Broken and healed 
fractures are very common among mammals and are 
occasionally seen among fossil reptiles. Dinosaurs 
exhibiting broken ribs, vertebrae, horn cores, etc., 
attest the accidents or fights which caused these trau- 
matic conditions and has led AbeP to infer that the 
males of these animals contested during the breeding 
season for the female. An exostosis which is espe- 
cially clearly marked is evident on the inner or visceral 
surface of a dinosaur scapula where it takes the form 
of a hook-like process evidently due to chronic irri- 
tation. One of the most perfect indications of exos- 
toses is seen in a mosasaur from the Cretaceous of 
Kansas where there is a decided lump at the articular 
surface between the third and fourth dorsal vertebrae. 

6. Periostitis or some similar condition is evidently 
the cause of the production of exostosial growths in 
the humerus of a Cretaceous mosasaur from Kansas. 
It is also abundantly indicated in the limb bones of 
the Soltaire, an extinct quaternary bird allied to the 
dodo found on the island of Rodriguez, off the coast 
of Madagascar. 

2. Parker, Charles A., 1904. Evidences of Rheumatoid Arthritis in 
the Lansing Man, Amer. Geol., Vol. xxxiii, pp. 39-42. 

3. Abel. O., 1912. Grundzuge der Palaeobiologie der Wirbelthiere, 
p. 95. 



7. Osteosarcomata have not been positively identi- 
fied among extinct animals but the condition is sug- 
gested in several instances. 

8. Fistulae are evident in the lower jaw of an 
ancient and primitive whale from the Eocene of Egj'pt^ 
and an enlargement of the mandible of a three-toed 
horse from the Miocene of North America indicate^ 
the presence of a fistula, possibly due to actinomy- 
cosis, in its early stages. 

9. Rickets is indicated among the apes which are 
found mummified in the old Egyptian graves. 

10. Necroses, due possibly to a variety of causes, 
and attributed by certain French writers to tuberculo- 
sis, are fairly common among fossil vertebrates. A 
marked necrosis of the ilium of a large dinosaur, 
accompanied by expansion and thickening of the bone, 
is evident in the mounted skeleton of Camptosaurus* 
on exhibition at the National Museum in Washing- 
ton. A mosasaur bone from the Cretaceous of Kan- 
sas and certain crocodile limb bones from the Jurassic 
of England show lesions of necrotic nature. The 
assignment of any of the lesions to a definite cause 
is manifestly impossible, and while tuberculosis has 
been suggested as a possible cause the diagnosis is so 
uncertain as to be nearly worthless. 

//. Hyperostosis or pachyostosis, which is similar to 
the enlargement of the bones in Cretanism, and is 
indicated as a thickened and enlarged part of the skel- 
eton, has been detected in fishes and reptiles, some 
of them of great geologic antiquity. 

The study of Palaeopathology is just begun and 
what the results may be remains to be seen. It is, 
however, certainly of very great interest to find in 
past geologic ages, lesions which are so familiar to 
us today. If we can trace the lesions knOwn to any 
definite cause among extinct animals, it will be a step 
toward the erection of the newest branches of pathol- 
ogy and dealing with the oldest aspects of that science. 

4. Gtlmore, Charles W., 1912. The Mounted Skeletons of Campto- 
saurus in the United States National Museum, Proc. U. S. Natl. Mus., 
Vol. 41, p. 689; pis. 56 and 58. 
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Our knowledge of the bacteriology of past geologic 
ages is due largely to the researches of Renault^ and 
his associates in France. The nature of many of the 
lesions seen in fossil bones likewise indicates or sug- 
gests the presence of bacteria. Renault described and 
figured many primitive forms of bacteria and fungi 
from the late Paleozoic and early Mesozoic rocks of 
many countries. He found these forms especially 
abundant in the fossilized feces (coprolites) of fishes, 
in ancient wood, and in coal. He also discovered in 
the teeth of certain extinct fishes indications of caries, 
as shown by the irregular decayed spots within the 
substance of the teeth. He shows in one of his plates 
some photomicrographs of fossil bone from the petri- 
fied feces in which the ravages of the bacteria are 
evident in the enlarged and distorted canaliculi and 
bone corpuscles. 

Renault's work is the summing up of twenty-four 
years' activity during which time he investigated the 
nature of the micro-organisms in the following mate- 
rials : ( 1 ) Peat, the age of which may be either a few 
years or many thousands of years. (2) Lignite or 
brown coal. (3) Recent bituminous schists in which 
he found rhizopods, bacteria and fungi. (4) Boghead 
coal. (5) Canal coal. (6) Ancient bituminous schists 
and (7) Silification of organisms in very ancient 
rocks. Evidences of bacterial activity are also found 
in the so-called ichthyodorulithes or fragments of 
bone which are found isolated in the rocks. 

April 10, 1916. 



Rct*rinted from the Transactions of the Chicago Pathological Society, 
October. 1916, pp. 84 88 




f • 

I 

I 

I 
I 

I 

\ 

I 

I 

{Bepriatad imm Tm Bcmtmc Monthly, Q&mamB^ 1018.] 
I OOFTBim mS^BTTHE SCIENCE ¥BMB, 




Digitized by 



Google 
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PALEONTOLOGICAL EVIDENCES OF THE 
ANTIQUITY OF DISEASE 



By Professor ROY L. MOODIE 

DEPARTMENT OP ANATOMY, COLLEGE OF MEDICINE, UNIVERSITY OP ILLINOIS, 

CHICAGO 

"T^ATHOLOGICAL conditions among fossil animals are 



I known as far back in geological time as the Carbon- 
iferous, hence it may be proper to state on the basis of our pres- 
ent knowledge that disease began, among both plants and an- 
imals, during the great Coal Period. These evidences are found 
both in the new and the old world, so that there must have been 
a very fundamental condition underlying the evolution and 
development of animal and plant races which favored the in- 
gress of disease and the overpowering of the natural immunity 
which had previously protected the forma of life from the devas- 
tations of disease. This statement of affairs implies the ab- 
sence of disease, or of a tendency toward disease, among the in- 
habitants of the earth during the geological periods prior to the 
Mississippian. This may not be correct, but so far .as we know 
at present the animals of the Paleozoic and Proterpzoic were 
free from disease. The factors which have been important in 
the origin of disease have been discussed by the writer^ in an 
essay which had in view an outline of the entire subject of the 
origin and development of disease as seen in the lesions on 
fossil bones. A study of senescence in dogs and the relation of 
old age to disease recently made by Goodpasture^ supports in 
an interesting manner a suggestion made by the writer^ con- 
cerning certain factors in the origin of disease among the an- 
imals of past ages. 



Present evidences tend to show that the Coal Measures wit- 
nessed the origin of disease. The oldest known evidences of 
pathological conditions among fossil animals are to be found 
in the enlarged stems of fossil crinoids, which have been known 
for many years. They were described by Robert Etheridge, 
thirty-eight years ago, from the Carboniferous of Scotland. 
Five years later a correct interpretation of these deformities 
was given by L. von Graff. He showed, on the basis of similar 

1 " Studies in Paleopathology. I., General Consideration of the Path- 
ological Conditions found among Fossil Animals," Annals of Medical His- 
tory, Vol. 1, No. 4, 1918. 

* " An Anatomical Study of Senescence in Dogs, with especial Refer- 
ence to the Relation of Cellular Changes of Age to Tumors," Joum. Med, 
Research, Vol. XXXVIII., No. 2, pp. 127-190, 1918. 
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Fig. 1. Photomicrograph of a Fragment of Fish Bone from the Autuk 
Basin of France, showing the nature of the osseous lacunae, canaliculi and vascular 
channels. 

Fig. 2. Photomicrograph of another Portion of the same Bone showing in 
the enlarged canaliculi and lacunae the ravnges uf micrococci which have invaded the 
channels and have begun the destruction of the bone. 

Pig. 3. Photomicrograph of another Portion of the same Bone showing a 
further stage of destruction. The form of the Incunne and cannliouli are barely per- 
ceptible, since they are pnclced full of colonies of nilcr<»cf><'('l. 

Fig. 4. Scattered Bacteria in fossilized Plant Tells, one of them at « 
Rhowing faint indications of a mucoid capsule. 
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enlargements among recent crinoid stems, as described and 
figured in the Reports of the Challenger Exploring Expedi- 
tion, that these enlargements were due to the parasitic action 
of mjrzostomids. Graff supported his interpretation by de- 
scribing the carbonized remains of some worm, supposedly one 
of the myzostomids, to which the tumor was due, preserved in 
a channel of one of the fossil lesions. Similar objects are com- 
mon from the Carboniferous of North America and doubtless 
they have a very wide distribution. 

During the Carboniferous also there was a widespread de- 
velopment of fungi and bacteria which doubtless were influ- 
ential in the spread of disease. Renault has found these forms 
abundantly preserved in the fossilized feces of fishes, in ancient 
wood and in coal. He also discovered in the teeth of certain ex- 
tinct fishes indications of caries, as shown by the irregular de- 
cayed spots within the substance of the teeth. Renault's work 
covered many geological periods later than the Coal Measures, 
and his large monograph is the summing up of twenty-four 
years of activity spent in investigating the nature of the " Mi- 
croorganismes des combustibles fossiles'' in peat, lignite, bi- 
tuminous schists (in which he found rhizopods, bacteria and 
fungi), boghead coal, cannel, ancient schists and the silicifica- 
tion of organisms in very ancient rocks. Renault's work is of 
great importance. A few of his figures are given herewith 
(Figs. 1-6). The bacteria take the form of coccoids, bacilli, 
diplococcoids and micrococcoids. Often in sporangia of the 
early cryptogamous plants Renault found natural cultures (Fig. 
5 ) of bacteria which have been preserved by silicification. These 
organisms, which have been made so well known by the studies 
of French scholars, may all of them have been non-pathogenic 
forms, but the possibility of their being the cause of the dis- 
ease of succeeding forms of life is very evident, and they 
should be mentioned as possible sources of disease. 



The great Permian period, with its widespread development 
of curious reptilian forms, has furnished us with the first evi- 
dences of traumatic conditions as they prevailed among the 
early forms of life. Fractures may have occurred earlier than 
the Permian, but they have not yet been seen. The oldest 
known fractures are found among the reptiles from the Permian 
of Texas. A left radius of Dimetrodon, a primitive reptile, pre- 



PiQ. 5. Silicification op a Natural Culture op Bactisria prom the Psrhian. 

Fig. 6. Mtcblia and Sporangia op Fossil Fungi as seen under high magnifi- 
cation In a thin section of fossil wood. Favorite places for the growth of bacteria. 
All figures taken from Renault's monograph " Mlcroorganlsmes des combustibles 
fosslles." 
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Fig. 7. Left Radius of Dimetrodon, a primitive reptile from the Permian of 
Texas, showing. In the enlarged portion of the bene above, a simple fracture and 
considerable callus with some Intermediary callus. Specimen the property of the 
Walker Museum University of Chicago. Loaned for study and description by Dr. S. 
W. Wllllston. 

Fio. 8. X-RAY Picture op the Bone. The fracture lines above and below the 
callus are post-fossillzatlon fractures and have no significance. 

sents a well-marked case of fracture (Fig. 7) with subsequent 
healing, although there is still some intermediary callus. An 
attempt to study the nature of this fracture by means of the 
X-ray has not resulted in any new knowledge, but it may be in- 
teresting to present the attempt (Fig. 8). The fracture runs 
directly across the bone, as do all the early cases of fracture 
among animals with solid limb bones, and the resulting callus 
has produced a decided enlargement of the bone around the 
fracture. The fractures seen in the X-ray picture above and 
below the callus were produced after fossilization and have no 
significance. 

A small fragment of a fractured rib from the same beds, in 
which there was quite an old callus, has been studied micro- 
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scopically (Fig. 9). The callus was quite evidently an old one, 
for the fracture was completely healed. A study of the micro- 
scopic section proves this to be true, since evidences of osteo- 
sclerosis and osteohypertrophy are clearly evident. The region 




Fig. 9. Microscopic Study of the Details of a Fbactuue in a Rib of a 
Reptile from the 1»brmian op Texas. The white spicule running vertically in the 
figure is the ingrowth of bone into a split portion of the rib. On the left of this 
spicule Is to be seen the osteosclerotic portion of the old callus, indicated by a heavy 
unorganized deposit of calcium carbonate or some similar salt. On the right Is seen 
the hypertrophied area, identified by the heavy deposition of bone with small lacunae 
and canaiiculi. The lacunae have largely disappeared in reproduction but are clearly 
evident on microscopic examination of the bone. 

of the figure to the left of the spicule of bone is regarded as due 
to osteosclerosis, which is interpreted on the basis of the pres- 
ence of a heavy deposit of calcium salts and the absence of 
osseous trabeculae. The white band running vertically may be 
interpreted as a spicule of bone due to the splitting of the rib. 
Its bony nature is definitely established by the presence of 
lacunae, and its presence in this position is due to the ingrowth 
of new bone along a cleft produced by the splitting of the rib. 
The hypertrophied area to the right of the osseous band is often 
seen in old calluses and is interpreted on the basis of the pres- 
ence of numerous trabeculae of bone. There is no evidence 
that the fracture was infected, necrotic sinuses being entirely 
wanting. 

Triassic 

Except for occasional specimens of fossil fishes and other 
forms preserved in the pleurothotonos and opisthotonos (Fig. 
lOA), attitudes suggesting a condition of spastic distress,^ little 
is known about the pathology (Fig. lOB) of the animals which 
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Fig. lOA. The Skklbton of Compaognaihua longipea, a small Trlasslc dinosaar, 
foBsllized in the position of opisthotonos, a position which has been suggested as an 
evidence of cerebrospinal infection. The head is thrown far back over the pelvis and 
tail thrown sharply up with the feet and limbs in a spastic attitude. 

Pia lOB. Thd Skoll op Myatriosuchus Plieningeri H. von Meyer, a parasucbian, 
from the Triassic of Aixheim, exhibiting a brolcen snout (above letter B) with result- 
ing callus and bone necrosis. After Huene. 

lived during the Triassic. There doubtless is much to learn in 
the future, since many vertebrate species are known from this 
period. 

Jurassic 

The Jurassic of England furnishes us the first evidences of 
necrosis and a suggestion of metastasis as seen in the path- 
ological nature of the bones of Metriorhynchus moreli DesL, a 
crocodile described by Erwin Auer* from the Oxford Clay. 

The skeleton of this interesting animal was only partially 
preserved. There are evidences of pathology in the palate, 
on the two femora, on a sacral vertebra and on the pelvis. 
Auer says: 

» " Studies in Paleopathology. III., Opisthotonos and allied Phenom- 
ena among fossil Vertebrates," American Naturalist, Vol. LI., No. 617- 
618, 1918. 

4 Paleontographica, Bd. 55, pp. 277, 279-280, figs. 13-14. 
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On the middle of the inferior side of the palatine is a section that is 
unusually differentiated by cavities, and consists of fossulae, a condition 
that is not otherwise encountered in crocodiles, and that doubtless is con- 
nected with the pathogenic deformities the bones exhibit. 

The right femur is normally formed, but it displays below the caput 
femoris a peculiar corrosion, and the condylus intemus is reduced at the 
distal end. 

The left femur (Fig. 11a) departs in form quite considerably from 
the normal type. The head of the bone has undergone a significant con- 
traction, and the formerly globular articular surface is deformed. Under 




Fio. IIA. Sacral Vkbtebra of Mctriorhynchus moreli Deal, from the Oxford 
Clay of England, showing carious roughening and necrosis. After Auer. 

Fig. IIB. Left Femur of the same, showing pathological roughening at the 
upper and lower extremities, especially around the trochanetric region. After Auer. 

the head of the bone the femur exhibits an abnormally small diameter, and 
on the external side of the bone a ridge is raised. 

The sacral vertebra (Fig. 116) also exhibits significant deformities 
of a pathogenic nature; the body of the vertebra is noticeably thickened, 
irregularly jagged on the outer side and set with numerous rather deep 
holes. The body of the vertebra is completely hollowed out from the end 
surface. 

The description indicates the presence of a tuberculous or 
similar necrosis of the bones and is the most complete example 
of a seriously diseased vertebrate which has been seen in the 
fossil condition. 

COMANCHIAN 

The gigantic dinosaurs of the Comanchian have long been 
known to have suffered from disease and injury and the writer 
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Fig. 12. Deformed Joint between two caudal Vertebrae of a Dinosacb 
(Apat08auru8) caused by the growth of a tumor-mass, which on account of its ex- 
treme vascularity represents possibly an haemangloma, or some similar pathological 
growth. 

Fig. 13. Microscopic Section of a Portion of the Periphery of abo^'E 
Tumor, showing arrangement of lacunae, vascular spaces (a) and lamellae of bone. 
How much this differs In arrangement of elements from normal bone remains to be 
determined. 

has described these sufficiently in other places^ to make their 
characters well known. The most interesting lesion seen among 
the dinosaurs has been regarded as resembling a modern he- 
mangioma (Figs. 12-13). Fig. 14 will show the nature of the 

° " Pathologic Lesions among Extinct Animals : A Study of the Evi- 
dences of Disease Millions of Years Ago," Surgical Clinics of Chicago, Vol. 
2, No. 2, pp. 319-331, Figs. 108-116, 1918. 
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vascular spaces and the arrangement of the osseous trabeculae 
as seen in a sagittal section of the tumor mass. 




Pig. 14. Photogbaph, enlarged, of the Cut Surface of the Tumor shown in 
Fig. 12, to show the arrangement of the trabeculae of bone and the large vascular 
spaces (areas outlined in ink). The large area at the top of the figure is apparently 
a portion of the intravertebral space, which has become largely obliterated by the 
growth of the tumor. The substance of the chevron, seen in Fig. 12 as portion of the 
tumor, has been incorporated, when seen in section, with the mass of pathological 
bone. 

Cretaceous 

The diseases of the mosasaurs may be taken as a sample 
of the prevalence of disease and injury among the vertebrates 
of the Cretaceous. These aquatic vertebrates, as well as their 
congeners, the plesiosaurs and dinosaurs, were afflicted with & 
variety of diseases and the writer has been able to study the 
details of the lesions on the fossils from the Cretaceous of Kan- 
sas. Twenty years age Doctor Williston called attention to the 
diseased nature of the arm bones of one of the Cretaceous mosa- 
saurs. Recently I have been able to study these bones (Fig. 
15). Their pathological nature and the exostoses of a hyper- 
plastic nature are at once evident (Fig. 15). A tentative diag- 
nosis of osteoperiostitis has been given as the cause of the 
lesions. Microscopic study of the lesions (Figs. 16 and 17) 
reveals the bony lamellae laid down in a concentric manner, as 
if to form Haversian systems. The lacunae are relatively large 
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Fig. 15. Humerus of a Mosasaub, Platecarpus coryphaeus, from the Niobrara 
of Kansas showing the details of pathological lesions resembling those seen in modem 
osteoperiostitis. The microscopic sections (FMgs. 16-17) were taken from the lesion 
at A. The disturbance also involved the articular surfaces indicating the presence of 
an arthritic infection. 

and are provided with short canaliculi, and there are areas 
where osteoid tissue (Fig. 16) is present, comparable in every 
way with osteoid tissue, seen in modern cases of osteomyelitis. 
For the first time in the history of paleohistology perforating 
fibers of Sharpey (Fig. 17) are seen running through the sec- 
tions. 

A dorsal vertebra of Platecai^tis, a well-known mosasaur 
from the Cretaceous of Kansas, presents an extremely interest- 
ing example of an osteoma (Fig. 18), the only one thus far 
known in a fossil condition. The specimen has not yet been 
studied microscopically, but a gross examination of a sawn 
section (Fig. 19) through the osteoma and vertebra shows in 
a very interesting manner how the tumor mass grew out of the 
vertebra. An X-ray examination of the bone reveals nothing 
of importance. 

A radius of another mosasaur shows on the proximal sur- 
face an extensive necrosis. Sections of the bone show hjrper- 
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Fig. 16. Photomicrograph of the Portion of the Lesion (A, Fig. 15), show- 
ing osteoid tissue. The black lacunae are seen to be without canaliculi and their 
arrangement in concentric lamellae suggests the presence of an Haversian system. 
The darlc area running obliquely out of the lower left hand comer is a post fossiliza- 
tion fracture filled with calcite. This area of osteoid tissue in the humerus of a 
moeasaur, 15,000,000 years old, is identical in anatomical structure with osteoid 
tissue from the human humerus in a case of osteomyelitis. 

trophy of the peripheral substance. The nature of the or- 
ganism producing the necrosis is not determined, but the fossil 
presents an exact duplicate of modern instances of extensive 
arthritic necrotic sinuses, which result in hypertrophy and the 
production of numerous osteophytes. 

Dollo has described dental caries in a mosasaur jaw, with a 
hyperplasia of the bone with accompanying necrosis, as if the 
creature had suffered from a mouth infection similar to modern 
alveolar pyorrhea. The results are identical in modern and 
ancient bones. 

The prevalence of disease reached a climax in the mosa- 
saurs, dinosaurs, plesiosaurs and turtles of the Cretaceous, and 
with the opening of the Tertiary the incidence of disease went 
sharply down, to rise again with the rise of mammalian life 
and reach a very high point during the Pleistocene. 
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Fig. 18. A Dors.\l Veuterka of a Musasauu, Platecarpus, from the Niobrara 
of Kansas, showing on the posterior (right hand of figure) end of the vertebra an 
osteoma, the only known fossil representative of this type of tumor. 



Eocene 

The extinction of the large groups of reptiles at the close 
of the Cretaceous doubtless brought about the disappearance 
also of many forms of disease which attacked these animals. 
Some forms of disease, as seen in the lesions left on the fossil 
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Fig. 19. A Drawing op a sawn Section of the Vertebra, at the region of the 
occurrence of the osteoma, showing how the pathological structure grew out of the 
body of the vertebra. 




Fio. 20. Tibia and Fibula with Tarsal Bones of Limnocyon potens, a car- 
nivore from the Washakie Eocene, showing In the carious roughening and hyperostoses 
evidences of disease resembling the results of osteomalacia of today. Published 
through courtesy of Dr. W. D. Matthew. 

bones, were persistent as may be seen in cases of caries and 
alveolar osteitis with the associated forms of necrosis. It is to 
be expected that the paleontological evidences of disease would 
be rather scanty during the Eocene and in fact not a great 
deal is known. One interesting indication of a pathological 
condition may be seen in the tibia, fibula and associated tarsal 
bones of Limnocyon potens, a creodont carnivore from the 
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Fig. 21. a, metatarsal of a giant wolf, Canis dims, from the Pleistocene, 
Rancho la Brea beds, of southern California showing a fracture of the middle of the 
bone with repair and the ensuing callus and exostoses, h, metatarsal of a saber- 
toothed cat, Smilodon, from the same deposits, showing on the upper right-hand sur- 
face a sharp exostosis, doubtless due to the infection of a tendon sheath, or some 
similar irritation, c, another metatarsal of a saber toothed cat from the same beds, 
showing on the lower end of the bone considerable carious roughening and hyper- 
ostosis, d, e, g, phalanges of a giant wolf showing slight exostoses due to some in- 
fection, f, phalange of a wolf. In the lower end the erosions of chronic osteomye- 
litis ( ?) or some similar long standing necrosis, produced by infection. An end view 
of this phalange, enlarged, Is shown in h. h, end view of phalange (enlarged) shown 
In t, giving a clear idea of the necrosis produced by the Infection, i, a pathologic 
camel phalanx from the Rock Creek beds (Pliocene or early Pleistocene) of Texas. 
This specimen has been discussed by Troxel iAmrr. Joum. 8ci., XXXIX. p 626 
1015) where he says : Possibly the disease which caused the death of the indlvlduai 
also contributed to the destruction of the species." A supposition which is not sup- 
ported by the evidence, since the pathological condition as seen in this single phalanx 
would have caused merely a stiffness and consequent lameness of the foot. Photo pub- 
lished by courtesy of Dr. R. S. Lull. /, vertebra of a saber toothed tiger from the 
Rancho la Brea beds of southern California, showing necrosis in the process seen <hi 
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Washakie Eocene. These bones (Fig. 20) show considerable 
exostoses and hypertrophy indicating an infection of some 
duration. The appearance of the bones suggests modern con- 
ditions of nutritional disturbances resulting in the softening 
and lightening of the bones as in osteomalacia. 



The mammals of the Oligocene suffered from disease and 
injury, though not so greatly as their successors, nor were any 
of the diseases prevalent at that time of sufficient importance 
to produce extinction. It must be remembered, however, that 
paleontological evidences of the antiquity of disease deal with 
hard parts exclusively, the soft parts known not being path- 
ologic. The Oligocene dog, Daphasnus felinus, so carefully and 
beautifully described and figured by Hatcher* presents on the 
inferior portion of both radii a symmetrical tumor-like mass, 
the only example of duplicate exostoses in fossil animals. The 
nature of the exostosis is problematical and I have not been 
able to find a parallel for this condition among the lesions on 
human bones. An excellent example of fracture with resulting 
callus formation and a splendid pseudarthrosis is known in a 
rib of the right side of Titanotherium rohvstum a perissodactyl 
from the White River beds of South Dakota, described by Os- 
bom.^ A careful account of this interesting fracture has been 
given by the writer,® accompanied by a detailed illustration of 
the callus. 



As an example of the nature of disease during the Miocene 
may be mentioned the nature of the lower jaw of the type skel- 
eton of Merychippus campestris, a three-toed horse from the 
Loup Fork beds of South Dakota. One ramus of the jaw has a 
prominent swelling indicating the presence of a long-standing 
infection possibly of actinomycosis in its early stages, before 
the eruption of the bone took place. Alveolar osteitis with the 

the upper right hand spine, k, end view of vertebra of saber tooth from the same 
beds, showing on the ventral surface of the body of the vertebra pathologic lesions of 
spondylitis deformans. Doubtless a series of vertebrae were ankylosed by the lesion, 
since the part shown is broken square across. Lesions of spondylitis deformans are 
fairly common in the mammalian remains of the Pleistocene. 

• " Oligocene Canidae," Mem, Carnegie Museum, Vol. 1, no. 2, p. 85, pi. 
XIX., figs. 9 and 11. 

7 BuU, Amer. Mua. Natl. Hist, Vol. VII., p. 347, 1895. 
» Annals of Medical History, Vol. I, No. 4, 1918. 
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formation of some osteophjrtes, resembling the results of pyor- 
rhea are also seen, and one molar tooth is afflicted with caries, 
a common occurrence among fossil animals. 



The pathological conditions found among the mammals of 
the Pliocene, Pleistocene and Recent geological periods were the 
first known and have been extensively described and studied by 
a number of writers from Esper (1774) to Virchow (1895). 
There are about twenty contributions dealing with the diseased 
mature of bones from these periods. A review of our knowl- 
edge, especially of the pathology of fossil man, has been given 
elsewhere^ and little need be said here concerning the patholog- 
ical evidences from these periods. A few examples of diseased 
and injured bones from the Pleistocene, Rancho la Brea beds 
)f southern California shown in Fig. 21, a-k, will give an idea 
-f the prevalence of disease in the bones from these periods. 



The above brief summary of paleontological evidences shows 
that in each geological period there are a few evidences of path- 
ological processes known, although there has been no organized 
search made for diseased remains. In fact paleontologists as 
a rule have paid very little attention to evidences of pathology 
in fossil remains, though the subject is one which yields much 
that is interesting. The subject increases our vision as to the 
possibilities of medical history and extends our knowledge of 
the occurrence of disease back into geological time for many 
millions of years. No new ideas of pathology have been seen in 
the study of these ancient lesions — nor were any expected. Since 
the organization of animal and plant forms of ancient times 
differ in minute details only from those of recent times there is 
no reason why we should expect any new ideas. Dwbtless 
many of the lesions described and figured above will on closer 
examination prove to be lesions of extinct diseases. We know 
from medieval history that diseases do become extinct and 
doubtless many of the diseases from which ancient animals suf- 
fered are now extinct. Their results, however, as seen in the 
fossilized bones, closely parallel the pathological anatomy of 
recent times. 

" Studies in Paleopathology. II., Pathological Evidences of Disease 
among Ancient Races of Man and Extinct Animals," Surgery, Gynecology 
and Obstetrics, 1918, figs. 1-45. 
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The question of extinction is still an open problem. A study 
of the paleontological evidences of disease, as seen in the bone 
lesions, does not help us much yet in an appreciation of what 
part disease may have played in extinction. The part may have 
been great, but this is a hypothetical assumption, based purely 
on analogy. 

The subject of paleopathology and the significance of its 
study were first commented upon and developed by Sir Marc 
Armand Ruffer, while studying the lesions seen in Egyptian 
mummies. A study of fossil lesions is merely an extension of 
the work began by him but it broadens perceptibly the scope 
and value of paleopathology. 
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SCABIES (MANGE) IN CATTLE 



E. L. Moore 



Bulletin No. 107 of this Station, issued by the Depart- 
ment of Veterinary Medicine, contains a report of the re- 
sults obtained by this department in a co-operative experi- 
ment with the United States Department of Agriculture, in 
order to determine the relative efficiency of the various 
constituents of coal-tar dips in the treatment of sheep scab. 
Subsequently, the experiments were continuel in co-opera- 
tion with the Bio-Chemic Division of the Bureau of Animal 
Industry, in order to determine the per-centage of the 
different coustituents of coal-tar dips which should be 
present to render them effective in the treatment of scabies 
in cattle. In order to render the results more intelligible 
to the present reader it will be necessary to repeat portions 
of the above mentioned bulletin. 

In the distillation of bituminous coal there are given 
off numerous volatile bodies which are condensed into a 
dark, thick liquid, or semi-liquid substance to which has 
been given the name of coal-tar. The composition of coal 
tar is very complex and varies considerably with the tem- 
perature at which the distillation of the coal is effected. 
From among the various products obtained by this dis- 
tillation we have a large number of so called coal-tar dips, 
the uses of which have become so fumiliar. These dips 
contain a varying per-centage of coal-tar oils and cresylic 
acid (cresols and other phenols) which are rendered capa- 
ble of being emulsified hy the addition of resin 4(ri^^eed- 
oil soaps. 

While there are at least three different forms of 
Scabies in cattle the mwt wmmm one is BBK>roptic scabies, 
and it is delusively this form of mange which will be under 

discussion. 

The essential cause of this disease is a small parasite 
known as the Psoroptes bovis which does not differ mater- 
ially in appearance from the Psoroptes of the horse or of 
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the sheep. The differentiation of thi^ parasite into vari- 
ous species is based not upon any marked anatomical 
differences but rather on its adaptability to live only on 
certain species of animals. Efforts to transfer the 
Bmropbm from horses to cattle, from cattle to horses, or 
from sheep to either horses or cattle, have all been ac- 
companied by failure. When tranaferred from one genus 
of animal to imother they live but a short time, and any 
ampMim which appeaxsis recovers spontaneously. Figure I. 
is from a photo-micrograph of the Psoroptes bovis. Favor- 
ing causes are to be found in mal-nutrition and stabling 
dnring the winter months. At this period of the year the 
parasites are driven downward by the cold, attacking the 
skin and causing greater irritation. It is well recognized 
by all those who are familiar with this disease that when 
the stock is turned out to pasture in the spring the irrita- 
tion largely^ if not entirely, ceaises, it being maintained 
that the freer seereiions supply the wants of the parasite 
00 tbat it does not care to bite. 

Keumann observed that the Psoroptw adst during the 
summer, although the cattle appear to be cured. Gerlach 
and Mueller found the parasites in large numbers around 
tile neck and tSie horns during the snmmer months. 
Knowles of Montana, found tlie parasites in large num- 
bMS during the summer months although there was but 
a sliglit amount of skin irritation at that time. Peters of 
Illinois^ records observations made on three different herds 
in which the disease had existed during the winter, nothing 
having been done in the line of treatment During the 
montii of Jnne in every instance^ the parasites were found 
at th© base of the horns and on the neck, the animals 
showing no symptoms whatever of inconvenience. From 
the latter anthor we quote, ^^It may be tiiat these mites 
seem to disappear during the summer months as the ranch- 
men have discovered, but from our observations they still 
infest the animal, but cause no noticeable inconvenience 
during Hiis time; hence, it mnst be that tiiiey feed on the 
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surface and hair of the animal; whereas during the fall 
of the year these mites begin to burrow into the skin and 
produce this intense itching (puritus.)" 

SYMPTOMS. 

Most frequently the disease appears at the root of the 
tail, the thighs, or it ,may be at the neck or withers. Figure 
II. shows the root of the tail and the thighs to be affects. 
Later the neck, the shoulders, the sideis of the chest or any 
portion of the entire body with the exception of the legs, 
may become involved. There is a violent itching or puritnB, 
the animal rubbing itself against all possible objects, 
and frequently to such an extent as to cause bleeding of 
the affected portions. A careful examination of a freshly 
attacked spot shows the presence of small elevations of 
the skin about the size of millet seeds, which may become 
confluent and are filled with serum. These break and 
agglutinate the hair, and drying, form crusts of increas- 
ing thickness which become very adherent, and which 
gradually increase in number, size, and extent. Under- 
neath these crusts, particularly around the margins of the 
same, may be found the multiplying Psoroptes which can 
be detected by the naked eyes or better by means of a lens 
when the crusts are placed on a sheet of black paper in the 
warm sun. The skin loses its hair and becomes dry, thick- 
ened, and marked with crevices or cracks particularly in the 
region of the neck, shoulders or the chest. A careful study 
of Figure III. will show this thickening and cracking of 
the skin over the shouldets, while at the top of the 
shoulders will be found a more recently invaded area. 
The affected animals gradually pass into a state of 
cachexia, becoming emaciated and eventually dying from 
mal-nutrition. 

DIAGNOSIS, 

Certain other affections of the skin may possibly be 
mistaken for Scabies. Lice, will produce violent itching 
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and occasion a loss of hair. There is not^ however^ the 
tendency toward the formation of thick crusts as will bt 
found in Scabies. This condition is readily diagnosed by 
the recognition of the lice which* are especially to be found 
at the ba^e of the homs^ the upper portion of the neck or at 
the root of the tail. It must be kept in mind^ however, that 
these two conditions of Scabies and lousiness fro(]n* ntiv ^ 
co-exiat and the examination must therefore be more than 
a superficial one. In general, however, the Une of treat- 
ment adopted for Scabies proves effective in the treatmenti 
of lousiness. 

Ring-worm, found frequently upon calves or it even 
may be upon adult cattle, produces a well defined circular, 
scaly lesion, the favorite locations in cattle being in the 
neighborhood of the eyes and ears. A positive diagnosis 
of Scabies can of course be obtained only by the recogni- 
tion of the Psoroptes bovis. For this purpose crusts from 
the affected portions are to be teased out over a piece of 
black paper in the direct sunlight and examined preferably 
with a lens magnifying from ten to twenty-five dia- 
meters. 



In conducting the experiments previously mentioned 
in the use of coal-tar dips, cattle were purchased affected 
with Scabies and divided into eight lots. Each lot was 
separated from the other by an alley of about 24 feet, in 
order to avoid infection from one lot to the other. The 
animals were dipped in the cage type of vat, and after 
each lot was dipped the vat was thoroughly cleansed be- 
fore another kind of dip was added. The dips used were 
prepared by the Bio-Chemic Division of the Bureau of Ani- 
mal Industry and when ready for use contained the fol- 
lowing per centages of cresylic acid and coal-tar oils. (By 
the term cresylic acid as here used is meant cresols and 
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other phenols derived from coal-tar, none of which boils 
below 186 degrees Centigrade nor above 250 degreeis Centi- 
grade). 

Lot. I. Cresylic acid one-tenth of a per cent, coal- 
tar oils one and two-tenths per -cent. ; 

Lot II. Cresylic acid four-tenths of a per cent, co^l- 
tat oils one per cent. 

Lot III. Cresylic acid two-tenths of a per cent, coal- 
tar oils one per cent. 

Lot IV. Cresylic acid flve-tenths of a per cent, coal- 
tar oils none. 

Lot V. Cresylic acid three-fourths of a per cent, coal- 
tar oils none. ^ 

Lot VI. Cresylic acid one per cent, coal tar oils none, 
kerosene one and two-tenths per cent. 

Lot VII. Cre&ylic acid one per cent, coal tar oils 
none, crude petroleum one and two-tenths per cent. 

Lot VIII. Controls, untreated. 

It will thus be seen that three different classes of dips 
were used in this experiment. Lots 1, 2 and 3 were treat- 
ed with coal-tar cresote dips, that is they contained coal- 
tar creosote or coal-tar oils and cresylic acid; lots 4 and 
5 were treated with a cresol dip; while lots 6 and 7 were 
treated with a cresol dip to which was respectively addedt 
kerosene and crude petroleum. 

Owing to unavoidable delays considerable time elapsed 
between the purchase of the cattle and the dipping, and 
at the time when the dipping actually occured many of the 
animals showed only a slight infection. For this reason 
the apparently favorable results obtained in the first four 
lots of cattle have not been deemed trustworthy. 

Summarizing the results otbained, lots one to four, in- 
clusive, remained free from Scabies for one year after dip- 
ping. The lice, however, with which these cattle were infest- 
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ed, at the time of dipping, were not eradicated. The cattle 
contained in lots five to seven inclusive, remained scabby 
after treatment. It will thns be seen that the results ob- 
tained through the use of Cresol dips in the treatment of' 
Scabbies in cattle are entirely at variance with those ob- 
tained in the use of the same class of dips in thQ treatment 
of sheep scab. While the coal-tar dips in solutions similar 
to those used above were found effective in the treatment 
of sheep scab^ their use can by no means be recommended 
in the treatment of Scabies in cattle. Mercurial or ar- 
senical dips should be avoided on account of the danger of 
poisoning from absorbtion through the skin as well as from 
that of poisoning through the bovine habit of licking them- 
selves. 

Undoubtedly, therefore, the best results in the treat- 
ment of this- affection are to be obtained through the use 
of tobacco and sulphur or lime and sulphur preparations. 

The tobacco and sulphur dip is the same as that used 
for sheep scab, that is, there should be sufficient extract 
of tobacco or nicotine solution to give a mixture contain- 
ing not less than five one-hundredths of one per cent of 
nicotine and sufficient sulphur to give a two per cent 
solution. 

The lime and sulphur dip contains more lime than 
when made up for the treatment of sheep scab. It should 
contain 12 pounds of unslacked lime and 24 pounds of 
flowers of sulphur to 100 gallons of water. The lime is to be 
placed in a mortar box and sufficient water added to slack 
the lime and form a sort of paste or putty. To this the 
finely sifted sulphur is added and the mixture thoroughly 
stirred. 

This is then placed in a boiler, 30 gallons of water add- 
ed and the mixture boiled for at least two hours with fre- 
quent stirring, occasionally adding fresh water to retain 
the original quantity. This is then placed in a cask or 
other receptacle and allowed to settle for several hours. 
When fully settled the clear liquid is drawn off into the 
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vat and sufficient water added to bring the total quai 
up to 100 gallons. Owing to the labor involved in pn 
ing the tobacco and sulphur, and lime and sulphur 
many prefer to make use of some one of the proprii 
products. The purchaser should, however, assure hii 
that the dip he contemplates using has the approval o 
Department of Agriculture, as shown by a label sfa 
that the manufacturers of that dip guarantee the con 
to be of the same composition as the sample »ubmitt4 
the Department of Agriculture. 

In those cases where failures have been reportec 
lowing the use of either of these dips when properly 
pared and used, it can readily be shown to have been < 
ed through 'returning the dipped animals to infested 
rals, yards, etc., or from re-infection from other c&ttl 
the range. 

Irrespective of the kind of dip employed the folio 
general directions should be adhered to : 

1. The temperature of the dipping vat should be 
stantly maintained at from '103 degrees F. to 105 degre 

2. Animals badly affected are preferably to be ' 
dressed by scrubbing the scabby areas with a stronger 
tion of the dip. Where lime and sulphur is used thU 
the effect of softening the firm scab allowing the di 
penetrate. 

3. Each animal should be held in the vat for 
minutes, and completely immersed twice. 

4. All animals that have been in contact with 
diseased ones should be regarded as infected and dii 

5. The dipping should be repeated in from tei 
fourteen days to destroy the parasites that may have h 
ed out subsequently to the first dipping. 

6. Dipped cattle should not be returned to inf< 
stables or corrals. 
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Tlie type of vat to be employed will be largely govern- 
ed by conditions. Where only a small number of animals 
is to be treated the dip can be successfully applied by 
means of a brush or a spray pump. For larger numbers 
the cage type of vat costing from |125 to f 200 may be em- 
ployed. In this type of vat two or three animals are 
crowded into a cage which is then lowered into the vat. 
Throughout South Dakota however, the swimming type 
of vat has been more generally used. The animal is crowd- 
ed forward on a trap which is then sprung precipitating 
it into the vat, through which it swims emerging by an in- 
clined plane to the dripping floor. 

The problem of stamping out this disease in cattle in 
the State of South Dakota has been a very serious one. By 
the method of treatment outlined Scabies has been eradi- 
cated from the eastern portion of the state so that at pres- 
ent a quarantine is maintained by the United States De- 
partment of Agriculture only against that portion of South 
Dakota lying west of the Missouri River. In those portions 
of the State where the farms are entirely enclosed and 
there is no mingliug of the herds of different owners, no 
particular difficulty is encountered. Where, however, semi- 
open or range conditions exist eradication becomes more 
difficult. This is brought about by the difficulty, if not 
impossibility, of establishing a strict quarantine of un- 
dipped and of exposed herds. Perhaps one man has care- 
fully dipped his cattle so as to eradicate the disease; but 
his neighbors whose cattle have also been exposed to in- 
fection, refuse to dip. Under semi-open or range condi- 
tions th€!se cattle intermingle to a greater or less extent 
in spite of attempts to establish a quarantine, so that the 
dipped cattle become newly infected. In the experience 
of the writer just such factors have been largely instru- 
mental in preventing the complete eradication of the 
disease in this state. It is, however, exceedingly gratify- 
ing to note that under the effective system of quarantine 
and inspection maintained by the Bureau of Animal In- 
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dustry in co-operation with our State Live Stock Sauita 
Board that ihe diesase is becoming largely eradicated a: 
we can confidently look forward to that time in the nc 
future when the quarantine will be raised from the enti 
State of South Dakota. 
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EGG-LAYING CAPACITIES OF MALARIA MOSQUITOES. 

BY 

H.W. B. MOORE, F.E.S. 

Malaria is still oar woiest disease, and in its manifold evil consequences, is a 
mi handicap to progress, agricaltarally, and otherwise. It takes a greater toll 
I life than does any other disease, not only directly but indirectly, by being the 
Jot cause of several serious disorders. Then again there is the loss of service 
Ke to the attacks. No one, debilitated through malaria in whatever manner, 
^ give of his best, quite apart from compulsory absences from work. Only 
W before last the labour arrangements of one of our largest sugar plantations 
pre gravely disorganized by malaria suddenly swooping down in epidemic form, 
f course, the outbreak was an exception, but was, nevertheless, a very forcible 
ifject lesson on the supremer danger of the disease, which, as is now almost com- 
lonly accepted knowledge, is spread by certain species of mosquitoes. 

Accordingly, the study of these mosquitoes ought to be of paramount 
ODcern. The insects may be regarded as enemies to the community in general, 
nd consequently the public at large cannot know too much about them. 

Malaria mosquitoes are frequently spoken of as Anophelines. On the coast 
►ere are two of them, viz., Anoplieles tarsiniaculatua Qoeldi, and Anoplieles 
l/rgyrotarais R. — D. The former, which is usually the commoner, has a black 
pot-like bar in the white at the end of the hind legs, whereas with the latter the 
arminal joints of the hind legs are just a plain silvery white. The mosquitoes, 
; may also be stated, are long and narrow, and in resting or in drawing blood 
ttve the peculiar habit of perching upright — standing on their heads as it were — 
D which posture they have aptly been compared to projecting thorns. 

Much has already been written by various specialists and others as to the 
lest means of controlling the mosquitoes. Of these measures however, the present 
Wcle will take no note. It will be concerned with but a single phase of their 
fe-hifltory, viz., their egg-laying capacities. For long there had existed the 
faaire to make observations in this direction as an attempt to secure what may be 
Nmsidered a tolerably reliable idea of the number of eggs the mosquitoes may be 
Bcpected to lay in a state of nature. A good opportunity for doing so first came 
n the middle of 1926, when malaria mofiquitoes — ^all tarsimaculalus — were 
ifirly noticeable about my quarters in the country. The plan was to secure 
KMged specimens and enclose them for egg-laying purposes in suitable recepta- 
Im. After they had oviposited, they were allowed to draw blood again, and 
liun oonfiuod for egg-Iaying, and so on a,ccording as tbey would draw blood and 
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oviposit. Gorged specimens were obtained by searching window-panes aE 
bed-curtain on mornings, and by placing a small glass tube over any mo 
seen in the act of attacking, and allowing it to slake its sanguinary thirst 1 
full, when it would be kept as a prisoner. In these ways half-a-dozen mosc 
were captured and ordinary pint tumblers served excellently as receptacl 
confinement, a piece of paper punctured with holes by a needle teaseribein 
over each glass as a cover. On the water in each \essel there were also 
three or four small pieces of grass or of dried cane-trash, while two or thre 
pieces were put to stand on end. The pieces of grass or trash were intend 
the mosquitoes to perch on should they so desire, either for rest or in egg- 
For rest, however, they usually hung on to the paper cover. 

The observations on the egg-laying of these mosquitoes, and certain < 
ments with the eggs in regard to whether or not they could resist pro 
desiccation, were recorded in the Daily Argostf of August 11th, 11^26, a; 
not here recounted. It need now only be mentioned that one of the mos 
drew blood three times successively and oviposited after each blood mea 
which were all fertile, the total number having been 435. It seemed 
stupendous number of eggs to be laid by a single mosquito, but the app 
astounding feat was far and away eclipsed by Anopheles argyrotarsi^^ nc 
the egg-laying of which are hereunder recorded. 

It was last July and August that malaria mosquitoes — all argyroiarsis 
again annoying in considerable numbei-s in bright sunshine in a few field 
section of one of our sugai' plantations. 

Between 9 and 10 o'clock in the morning of Wednesday, July l^Jth, si2 
mosquitoes were captured attacking two of the East Indian lads who assist 
augar-cane entomological work of the plantation. Between the samehoun 
morning of Wednesday, August 22nd, three more of tlie mosquitoes were U 
they attacked the writer. The captured insects which will be designate 
1-9 were all used for egg-laying purposes, after the manner already desc 

In all cases the insects when drawing blood at the time of oapture a 
what is considered as the characteristic thorn-like attitude, as they did, toe 
resting anywhere about the glass. At subsequent imbibitions, howev 
when resting on the sides of the glass or on the trash, they began to aseume 
or less crouching attitude, which eventually somewhat simulated that of Mi 
They seemed unable to maintain throughout the stilted posture. At tl 
of their death, too, the insects that had lived longest had lost a large nu 
their scales through beating about the receptacles so that they presented 
curious nude appearance. 

The egg'laying of the mosquitoes taken on Wednesday, July 18th, w 
be dealt with* At 6 a.m« on Sunday 22Qd it was seen that Nos. 1-4 had Is 
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Oviposition had occnrred most probably in the early hours of the same morning, 
the pale colour of the majority of the eggs being indicative of quite recent 
extrusion. The eggs had thus been laid between three and four days |i£ter the 
insects had drawn blood. Nos. 1 & 2 had died after ovipositing. The eggs laid 
by each insect were counted, and it was found that 234 had been laid by No. 1. 
174 by No. 2, 162 by No. 3, and 220 by No. 4, 

At 8 o'clock on the Sunday morning a finger was presented to No. 3 by 
raising the paper cover of the glass Just enough to admit the finger. The insect 
at once alighted upon it and drew blood. At 8.20 a similar operation was carried 
out in the case of No. 4, which, however, managed to escape after it had gorged 
itself. 

On Monday 23rd, it was noticed that Nos. 5 & 6 had laid eggs early that 
morning or during the Sunday night. In these cases oviposition had therefore 
taken place between four and five days after the insects had imbibed blood. 238 
eggs had been laid by No. o, and 269 by No. 6. No. 5 immediately drew blood 
from a finger at 1.30 p.m. on the same day, while No. 6 had done the same 
at 10 a.m. 

The eggs of Nos. 1-4 were found hatching at 6 a.m. on Tuesday 24th, and 
of Nos. 5 & 6 on Wednesday morning, i.e., in each case abont two days after 
having been laid. 

No. 3 again oviposited on the night of the 24th or in the early morning hours 
of the 25th> i.e., between two and three days after drawing blood. The number 
of eggs laid was 162. It again drew blood at 1 p.m. on the 25th. 

On Friday 27th it was seen that No. 5 had laid only 98 eggs the previous 
night, and that the abdomen had not completely collapsed. However, it drew 
blood again at 6.40 a.m. On the same morning it was also found that No. 6 had 
laid 118 eggs the previous night. It again drew blood at 7.15 a.m. In each case 
oviposition had occurred between three and four days after the blood meal. 

On the morning of Saturday 28th it was seen that No. 3 had laid 82 eggs — 
most likely early that morning, i.e., between two and three days after having 
drawn blood. Of the eggs only eight were floating on the surface of the water. 
The rest were in two heaps at the bottom of the glass, and as far as could be 
seen, had no buoyancy sacs. One heap contained 54 eggs which were black or 
darkish, the other 20, all of which were white and remained so. It was not 
expected that any of these would hatch — certainly not the white ones. As to the 
insect itself, it was observed struggling on its back on the surface of the water, 
as though it might have been dying. On being rescued, however, from its pre- 
dicament by means of a piece of dry trash, and transferred to an empty glass, 
the apparently dying creature, after a few frantic efforts at flight, did actually fly, 
and would have escaped had I not quickly placed the palm of my hand over the 
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iteil* tt at once set aboat drawing blood. This was between 9 & 10 a.m. Q 
the morning of Sunday 29th, the insect was seen to fall sometimes to the bottoi 
Of the glass, where it would struggle on its back. It was obviously getting weak 
iad weaker. On a little water being introduced it alighted upon one of the di 
pieoei of trash always supplied as rests, as already stated, seemed to sip eager 
of the water, and then flew up to the paper cover. The next morning it w 
found struggling on its back in the water, and this time when rescued and p 
into a dry glass failed to right itself. On the morning of Tuesday 31st it w 
fouiid dead. It had therefore lived 12 days from the date of capture, and hi 
iaii ft total of 40G eggs. 

On the night of Saturday 28th No. 6 laid 167 eggSf i.e., less than two da; 
after flrawing blood. Still looking lively it imbibed blood again immediately 
8.17 a.m. on Sunday 29th. On the morning of Monday 30th it was observ( 
that No. 5 had laid during the previous night 191 eggs, or over 2^ days from tJ 
last blood meal, and thus also made up for the paucity of eggs remarked upon 
thf* piecoding oviposition. It still seemed full of life, and at once imbibed mo 
blood at 6.50 a.m. 

It was also noted that at least one of the eggs which had been laid by No, 
on th)B 27th and had sunk to the botton had hatched. Possibly it had been 
fully developed egg that had been dragged down by the weight of the rest of tl 
mass. None of the other sunken ones hatched. 

On the morning of Wednesday August 1st, it was ascertained that No. 
bftd laid on the Tuesday night 131 eggs. At noon it again drew blood, but on 
after :i pause of some two or three minutes, during which it seemed either to 1 
deliberating what to do, or not to know it was on a living object until the fing 
was vigorously shaken. 

No. 5 which had drawn blood on Monday, July 30th, oviposited only on tl 
night of Friday August 3rd, i.e., after an interval of fully 4^ days. The numb 
of eggs laid was 176. It still appeared endued with a deal of life, and in pro 
thereof again drew blood immediately at 12.30. p.m. on Saturday the 4th. T] 
eggs laid on the Friday night were hatching on the Sunday night. On the mor 
ing of Tuesday the 7th, it was observed that it had laid 90 eggs on the Mondj 
night. Unfortunately, owing to pressure of time, coaxing it to draw blood aga 
had to be a hurried affair, and the insect succeeded in escaping. It was yet qui 
active, and no doubt would eventually have been got to imbibe blood agai 
Aiiyliow, it had drawn blood five times successively, and laid eggs after ea< 
imbilation, the total number being 793, all of which were fertile. 

On the night of Saturday the 4th No. 6 laid 112 eggs, and drew blood aga 
immediately at 9 a.m. the next day. On Wednesday morning the 8th, at sunri 
it was observed that the eggs were hatching. On the morning of Thursday t] 
9th it Was seen to have laid 137 eggs the preceding night, and to be feebly stru 
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gling on the surface of the water. Its end had come. It died later in the day. 
It had lived 22 days from the time of its capture, had drawn blood six times in 
snecession, and had oviposited after each blood meal, the total number of eggs 
being 934, all of which proved fertile. 

The egg-laying of the three mosquitoes captured in August will now be re- 
viewed. As already stated, they were taken between 9 and 10 a.m. on the 22nd. 

On the morning of Saturday 25th No. 7 was found dead. It had laid only 47 
eggs. No. 9 was also found dead on the Monday morning, after having laid but 43 
eggs on the previous night. 

On the morning of Sunday 26th it was seen that No. 8 had laid 210 eggs on 
the Saturday night. It drew blood at once again at 7.30 a.m., and, after laying 
107 eggs on the night of Tuesday 28th again imbibed blood at 1.30 p.m. on the 
29th. On the Friday night, the 31st it laid 141 eggs, and, after giving a little 
krouble to be got on to the finger presented, again drew blood at 2.10 p.m. on 
Saturday, September 1st. It laid 146 eggs on the night of Tuesday 4th, and again 
irew blood without delay at 3.15 p.m. on Wednesday 5th. On the night of 
Friday 7th, it laid 116 eggs, and again unhesitatingly imbibed blood at 2.30 p.m. 
m September 8th. On the night of Tuesday 11th it laid 154 eggs, and yet again 
immediately drew blood at 6.45 a.m. on Wednesday 12th. On the morning of 
Saturday the 15th, it was seen to have laid 129 eggs on the Friday night, and to l)e 
sprawling, as though dead, on the surface of the water. On being touched it was 
^ound, however, to be still alive, and was transferred, feebly sti*uggling, to a dry 
^ass where it died in the early afternoon. It had therefore lived for 24 day« 
brom the time of its capture, had drawn blood seven times in succesaion, and de- 
E)06ited a total of 1,003 eggs. All of the eggs were proved jfertile. 

In connection with the egg-laying of the mosquitoes the following table may 
[)rove helpful. — 



MoHgtiitoes 


Drew Blood 


Laid Eggs 


No. Eggs Laid 


1. 


July 18th, 


July 2l8t. 


234 


2. 


July 18th- 


July 21st. 


174 


3. 


July 18th. 


July 2l8t. 


162 




„ 22nd. 


„ 24th. 


1(>2 




. „ 25th. 


„ 27th. 


. 82—406 




„ 28th. 


♦» 




4. 


July 18th. 


July 21st. 


220 


5. 


July 18th. 


July 22nd. 


238 




„ 23rd. 


„ 26th. 


98 




„ 27th. 


„ 29th. 


191 




„ 30th. 


Ang. 3rd. 


176 




4th, 


„ 6th. 


90— 7« 
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6. 


July 18tb. 


July 22nd. 


269 , 




„ 23rd. 


„ 2Gth. 


118 




„ 27th. 


„ 28th. 


167 




„ 21)th. 


„ 31st. 


131 




Aug. 1st. 


Aug. 4tJl. 


119 






8th 


137—934 


7, 


Aug. 22nd. 


Aug. 244th. 


47 


8. 


Aug. 22nd. 


Aug. 25th. 


210 




„ 26th. 


28th. 


107 




„ 29th. 


„ 31st. 


141 




Sept. Ij-t. 


Sept. 4th. 


146 




„ 5th. 


u 7th. 


116 




„ 8th. 


„ 11th. 


154 




„ 12th. 


„ 14th. 


12'.>— 10(\3 


9. 


Aug. 22nd. 


Aug. 2()th. 


43 



It should be remembered that Nog. 1, 2, 7 and 9 died after laying eggs 
once, that No. 3 died without ovipositing after its fourth meal of blood, that 
4 and 5 escaped and that Nob. 6 and 8 died after their sixth and seventh b 
meal respectively. 

CONCLUDING REMARKS. 
From the above observations it may be specially noted : — 

(1) That the natural egg-laying capacity of the mosquitoes is enormous, 
would probably be about the same in each species —tarsimaculattis and ar^ 
tarsis. — To place it in the vicinity of 1,000 eggs per individual would hardly 
an exaggeration. It may be recalled that two mosquitoes captured at random 
of what must at least have been many hundreds laid 934 and 1,003 eggs respecti^ 
so that anything between 900 and 1,000 per individual may safely be regarde( 
quite normal. Another taken out of thousands laid 793 eggs and would : 
probably have been got to lay several more had it not escaped. With such 
egg-laying powers, apparently exceeding by a long way those of the dre 
small moth-borer of the sugar-cane, wonder should cease at the great swarn 
malaria mosquitoes which now and then are to be witnessed in various par 
the colony, particularly after a drought when natural controlling agencies ma 
at a discount and natural conditions otherwise favour multiplication. 

(2) That the mosquitoes can draw blood to satiety for upwards of at 
seven times in succession, and oviposit after each meal. 

(3>^. That, as is the case, say, with spiders,- the production of fertile eg 
each oviposition is not dependent upon the attentions of a male. No d 
copulation is a first essential for the production of fertile eggs, but, no d 
too, a single copulation can serve for all eggs to be produced. Since al 
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mosquitoes captured laid fertile eggs, copulation under nature must be general 
with them, and probably be one of the first acts done on the emergence of the in- 
lets from their breeding-grounds. Besides, it may be presumed, making the 
females bolder and more vicious, it would certainly ensure that they are 
fertile eggs. 

(4) That the time between blood-feeding and egg-laying, and again between 
egg-laying and egg-hatching is very short, ranging in the former case from under 
two days to nearly five, and in the latter from under two to about three. 

(5) That the insects are ready to imbibe blood soon after oviposition. 

In some cases eggs had obviously been laid not long before sunrise, and not 
long after sunrise the mosquitoes drew blood, as a rule, without hesitation. 

(G) That captive mosquitoes fed promptly and regularly with blood may. live 
for over three weeks. It would be interesting also to ascertain whether or not 
delayed feeding would extend or diminish the life of the insects, just as it would 
also be a point of interest to breed carefully mosquitoes from the various batches 
of eggs so as to determine the proportion of the sexes in each batch.* 
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THE ANATOMY OF BDELLODRILUS ILLUMI- 



NATUS, AN AMERICAN DISCODRILID. 

J. PERCY MOORE. 

Introduction. — The present paper is devoted to a descrip- 
tion of the general anatomy of Bdellodrilus illuminatus, with- 
out much attention to histological detail, or any discussion of 
the special evidence which this species affords, pro and con, on 
the matter of current views regarding the zoological relation- 
ship of the family. The latter is reserved for a future paper, 
which awaits the completion of embryolog^cal studies now in 
progress, as well as a more thorough knowledge on the part of 
the writer, of the extensive literature of oligochaete and hiru- 
dinian anatomy. 

Bdellodrilus illuminatus was originally described, under the 
tentative name of Branchiobdella illuminata, in the Proceedings 
of the Philadelphia Academy of Natural Sciences, 1893, p. 421; 
since which time more thorough anatomical studies, and the 
examination of additional native species of Discodrilidae, and 
of the European Branchiobdella parasita (specimens of which 
were kindly obtained for me by my brother, Mr. H. F. Moore, 
from Dr. Anton Collin), have forced me to the opinion then en- 
tertained, that this species should constitute the type of a dis- 
tinct genus. 

This it is proposed to name Bdellodrilus, as being at once 
suggestive of probable affinities with the Oligochaeta, and of 
special structural modifications in the direction of the leeches. 

The genus is defined by the possession of the following 
characters, all of which distinguish it from Branchiobdella. 
There are two pairs of testes and two pairs of vasa deferentia 
occupying the fifth and sixth post-cephalic somites. The 
anterior pair of nephridia open to the exterior by a common pul- 
satile vesicle. The dorsal and ventral jaws are quite dissimilar. 
Branchiobdella possesses but one pair of testes and ducts, sepa- 
rate nephridial pores, and similar dorsal and ventral jaws. 
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Of described species two belong to Bdellodrilus, viz, : B. illu- 
minatus, and B. philadelphicus = Astacobdella philadelphica 
Leidy (Pro. A. N. S. Phila,, 185 1, p. 209). Briefly these are 
distinguished as follows: B. illuminatus — Head narrower than 
the tapering anterior body segments. Dorsal jaw a compressed 
dentigerous ridge, passing between the large paired teeth of 
the lower jaw. There are nine pairs of conspicuous lateral 
glands in the nine anterior body somites. Spermatheca 
slender, and bifid dorsally. Penis freely eversible. B. phila- 
delphicus — Head much broader than the anterior body seg- 
ments. Both jaws triangular, the dorsal provided with a single 
apical tooth, the ventral with a pair of smaller ones. No 
lateral glands. Spermatheca broad, thin-walled, and sub-cylin- 
drical. Penis proper not eversible, but carried to the exterior 
by the eversible bursa, into which its projecting end is re- 
ceived. A conspicuous prostate, in addition to a large glan- 
dular sperm-sac. 

In the matter of technical manipulation Bdellodrilus illumi- 
natus offers somewhat greater difficulties than other Discodri- 
lidae. These arise chiefly from the presence of the relatively 
enormous lateral mucous glands, which envelop the resting 
body in a mass of glairy secretion, interfering with the ready 
penetration of fixing fluids. The best preparations for anatom- 
ical study were obtained by suddenly pouring over active 
individuals hot corrosive sublimate solutions, especially that 
recommended by Lang for fixing planarians. The latter 
caused instant death and complete extension. Flemming's 
chromo-aceto-osmic acid mixture gives the usual excellent 
results as regards fidelity of fixation of histological structures, 
and is particularly useful in the study of spermatogenesis, for 
which the Discodrilidae are favorable subjects (see Voigt). 
For the special study of the chlorogogue cells osmic acid is 
useful. Perenyi's fluid, Merkel's fluid, potassiiun bichromate, 
chromic acid, and picro-sulphuric acid did not give useful 
results with this species, though not objectionable with B. 
philadelphicus and other species. Narcotization with chloro- 
form was successful ; while alcohol was worthless for this pur- 
pose. As to stains, either Delafield's or Kleinenberg's 
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haematoxylin gave the best general results. Biondi-Ehrlich 
was particularly valuable for dififerentiating glands, for tracing 
nerves among the muscles of the body-walls, and in studying 
the testes and ovaries. Borax carmine occupied its usual im- 
portant place among general stains. Methylene blue was also 
used as a nerve tracer. The results obtained from a study of 
many series of sections were further verified on living mate- 
rial, mounted preparations of entire worms, and teased prepa- 
rations. 

External form. — The rounded club-shaped body is termi- 
nated anteriorly by the so-called head, and posteriorly by the 
sucker. The head is narrow and is less sharply distinguished 
externally from the following segments, than is usual in the 
family (Fig. i). It consists of four annuli, which, there is 
reason to believe, represent as many somites. The first, or 
peristomial annulus is divided into very mobile dorsal and ven- 
tral lobes or lips, which exhibit slight median emarginations, 
but are otherwise entire; and lack the sensory hairs and 
papillae which are usual in this family. There is no pro- 
stomium. The fourth cephalic annulus is very narrow; and 
when the animal is contracted, is completely hidden beneath 
the overlapping anterior margin of the first body somite, into 
which it is drawn by the longitudinal muscles. The remaining 
two, the second and third, appear externally as simple muscular 
rings. 

The body proper consists of eight strongly bi-annulate 
somites, posterior to which three crowded, but still obscurely 
bi-annulate somites, form the posterior sucker and its support 
(Fig. I, I to 11). These increase in diameter, gradually, from 
the first to the seventh, and then decrease rapidly to the 
posterior sucker, which is part of the eleventh somite. Each 
of the body somites, with the exception of the last, is conspicu- 
ously divided into an anterior major, and a posterior minor annu- 
lus ; the former are much longer, as well as broader, than the 
latter, and appear more prominently so the greater the degree 
of contraction, which results from the peculiar manner in 
which the minor annuli are telescoped within the anterior mar- 
gins of the major annuli following, as well as to the more 
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prominent bellying of the free hypodermis when the longitu- 
dinal muscles shorten. 

Of the body somites, the fifth, sixth, and seventh are the 
sexual; the first four and the eighth nephridial. The external 
opening of the anterior pair of nephridia is readily seen on the 
mid-dorsal line of the major annulus of the third post-cephalic 
somite (Fig. i, nv)y and the paired pores of the posterior pair 
in a dorso-lateral position between the eight and ninth somites. 
Of the three enlarged sexual somites the sixth and seventh are 
rendered opaque by the great development of aggregations of 
unicellular glands constituting a clitellum. On the fifth a 
slight swelling on the ventral surface of the major annulus in- 
dicates the position of the external spermathecal opening, and 
a more prominent enlargement of the corresponding regfion of 
the succeeding segment the mouth of the copulatory bursa 
(muscular atrium) (Fig. i, ^). The external ovipores are rela- 
tively minute apertures ventrally located on each side of the 
seventh somite (Fig. 1,9), between the major and minor annuli. 
The anus opens on a small lobate papilla on the dorsum of the 
tenth somite (Figs, i arid 5, d). 

Bundles of ductules arising from the huge mucous glands 
which occupy the lateral regions of the nine anterior seg- 
ments, pierce the hypodermis, and open on the surface of the 
body in the dorsal and ventral quadrants of the major annuli. 
The sucker-bearing somites are much crowded ; and bi-annula- 
tion is only obscurely indicated. The acetabulum itself is 
a complex muscular ring or disk, having a slight posterior 
concavity. Its centre lies in the same axis as the body somites, 
so that in a position of rest the body of this species is strongly 
arched, instead of resting extended along the surface to which 
it is attached, as is the case with the species having depressed 
forms and ventrally directed suckers, which live on the broad 
surfaces of the chelae and carapace of crayfish. 

Body walls. — The body walls are made up of the usual suc- 
cession of an epidermis with its continuous cuticular covering, 
an external layer of circular muscle fibres, and an internal more 
powerful layer of longitudinal muscle fibres. The delicate cuti- 
cle is quite continuous, and follows the epidermal cells by which 
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it is secreted into all the external folds, and the oral, anal, and 
sexual invaginations. It is transparent, colorless, non-irides- 
cent, and under low powers apparently homogeneous ; and 
maintains on the exterior a uniform thickness of .cx)i5mm. 
By prolonged maceration in water it may be easily separated 
as a continuous piece much larger than the body which it en- 
veloped, and with the tubular invaginations all everted. Sur- 
face views of such preparations show very distinctly the minute 
perforations and the cruciform markings which so generally 
characterize the cuticle of Oligichaeta ; and which Voigt has 
described for Branchiobdella. Into the oral invagination and 
through the pharynx the cuticle extends with undiminished 
thickness, to terminate a short distance within the first 
post-cephalic somite, after thinning to an excessively delicate 
ragged edge. Conspicuous dorsal and ventral hollow thicken- 
ings in the anterior region of the pharynx form the jaws. The 
dorsal jaw is a medium longitudinal ridge bearing on the free 
compressed margin three posteriorly directed teeth. This is 
borne by a cuticular plate which anteriorly passes into a pair 
of slightly divergent ridges, and posteriorly forms a single 
median piece, passing on all sides into the unthickened cuticle. 
The entire structure is molded on an epithelial thickening, over 
which the supporting plate is bent at an obtuse angle, the 
limbs of which embrace the muscular supporting pad anteriorly 
and posteriorly, and afford points of attachment for the pro- 
tractor and retractor muscles (Fig. 9, dj). The maximum 
elevation of the dentigerous ridge is .01 mm., which is about 
twice the actual thickness of the cuticle at this point. The 
ventral jaw consists of a pair of similar parallel ridges, united 
posteriorly by a heavy cross bar, and passes anteriorly, after 
diminishing in thickness, into the unmodified cuticle. Each 
ridge bears at its most prominent point a strong claw-like 
tooth. The muscular pad supporting the ventral jaw is em- 
braced in a manner similar to the dorsal one (Fig. 9, vj). The 
mechanism of the jaws is explained below. There is a very 
short anal extension of the cuticle, which reaches into the in- 
testine scarcely to the anterior border of the anal segment. 
No cuticular lining is apparent in the ovipore, and only a very 
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delicate one in the spermatheca. The everted atrial cuticle 
consists of a bulbous enlargement which belongs to the bursa, 
and a slender tubular portion which lines the penis. 

The epidermis consists of ordinary epithelial cells, of non- 
nucleate protoplasm, and of gland cells, which are present in 
great number and variety. The epidermis proper presents 
little modification. The cellular elements are arranged with 
relation to the circular muscle fibres, which encircle the body 
walls at regular intervals and are so deeply imbedded in the 
epidermis that they are frequently almost in contact with the 
cuticle, only a thin layer of protoplasm (less than the diameter 
of a nucleus in thickness) separating them. Between these 
muscle fibres the cells are arranged in zones, which are still 
further broken up into groups by communicating branches 
which pass between adjacent fibres (Fig. 3). The epidermis 
may be described as made up of small irregular groups of cells 
united by an external sheet of non-nucleated protoplasm ; the 
cells lie between the muscle fibres, the non-nucleated proto- 
plasm extends over them (Fig. 2). The entire external stratum 
of the epidermis exhibits a fine vertical striation, doubtless 
connected with cuticle secretion. (Fig. 2, si) Small spaces 
(j), extending from intercellular spaces of the cellular zones, 
are occasionally seen in the non-cellular regions ; and dark 
lines, dy which I am unable to account for, are more frequent. 
The cells are cubical and possess cell walls which are well 
marked internally, but obscure peripherally in the striated 
layer. The nuclei are large and deeply staining ; and possess 
one or usually several nucleoli. Among the cells the trans- 
parent ductules of unicellular glands wind their irregular or 
spiral courses to the surface. In thickness the epidermis varies 
from an average of .009 mm. in the non-cellular region to .018 
mm. in the cellular. 

Anterior to the jaws there is no modification of the oral 
epithelium, but within the pharynx it undergoes a marked 
change, owing to the encroachment of the radial muscles, 
which penetrate between the cells almost, if not quite (in part) 
to the cuticle (Figs. 9 and 11, ep and mi). Between the 
branching inner ends of these muscle cells the pharyngeal 
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epithelium extends as deeply staining nucleated processes of 
protoplasm, which often lose their distinct cellular boundaries. 
The epithelium is largely displaced ; and sections often show a 
predominance of muscular over epithelial elements in this layer. 

Glands are very richly developed in connection with the epi- 
dermis of B. illuminatus ; and while all are constructed of 
similar elements, they differ much in the size and arrangement 
of these elements. The elements are unicellular glands some- 
what of the goblet cell type. In most cases they consist of an 
enlarged irregularly polyhedral body containing the nucleus, 
and tapering at one end into a slender, more or less elongated, 
ductule. The only exceptions are those glands which are 
referred to as salivary and bursal glands. 

Certain small mucous glands are very generally distributed 
over the skin ; especially on the head, where they are regularly 
arranged in several transverse rows. They may be unicellular, 
or consist of three or four unicellular glands, the ductules of 
which are twisted or spiral. 

On the sixth and seventh somites such glands become 
greatly increased in number and size ; the body walls, particu- 
larly on the dorsal side, being little more than a thick glandular 
layer, which constitutes the clitellum (Fig. 4). The unicellular 
glands are here aggregated in sub-globular or pyriform groups 
of from three to twenty or more, which extend inward to a 
length of from .03 mm. to .065 mm. Being arranged in a 
single stratum each cell forms part of the surface of the gland, 
close to which lies the deeply staining nucleus, in a mass of 
almost as deeply staining granular protoplasm. The inner 
ends are granular but clear and often unstained, and pass into 
ductules, which may be bound together into a fascicle, and 
either open in close proximity on the surface, or separate and 
open singly. In either case they wind a slightly spiral course, 
which is best seen in living animals, particularly when stained 
with methylene blue. The cell bodies have an average 
diameter of .011 mm., the ductules of .0018 mm., and a total 
length of about ,05 mm. 

The several cells in each group appear not to function simul- 
taneously. Some have completely broken down into secretion 
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while others are entirely protoplasmic. Voigt's figures of 
Branchiobdella show this well. 

The clitellar glands are arranged in crowded transverse rows 
between the circular muscle fibres, which are often displaced 
and carried inward in a highly developed clitellum. On the 
dorsal side, particularly of the major annuli, the glands are 
much crowded and of elongated pyriform shape; while else- 
where they are more scattered and globular. 

Two or three pairs of large glandular masses are developed 
in the pharyngeal region of the head. These are of irregular 
shape, and occupy the spaces between the radial muscles 
around the pharynx ; the halves of each pair almost touch dor- 
sally, and extend laterally and ventrally nearly to the nerve 
ganglia, while the several pairs are separated by strong muscu- 
lar bands. The component cells are larger than those of the 
clitellar glands, and very irregular ; they contain an irregular 
nucleus, protoplasmic strands, and granular cytoplasm. The 
ductules are exceedingly long and delicate, measuring in some 
cases .125 mm. or more in length. Those from the dorsalmost 
cells form an axis, about which the remaining cells are arranged 
(Fig. II, ag). The groups of ductules (Fig, 11, d) from the 
several glands converge toward the ventral side of the lower 
lip, where they break up, and are distributed singly over the 
surface and margin of the lip. 

Along the margins of both lips and within the mouth on the 
lower lip, small groups of slender gland cells open. During 
life these have a pale rose color and impart a decided tint to 
this region. 

The functions of these two sets of head glands have not 
been certainly determined ; but the habits of the animal sug- 
gest that they secrete a sticky fluid used either to aid the lips 
as adhesive organs, or to attach the cocoons, or both. 

Glands similar to those described by Domer, and more fully 
by Voigt, in Branchiobdella, are well developed in this species 
in relation to the posterior sucker (Fig. 5, ag). The glandular 
masses, which largely fill the tenth and eleventh and part of 
the ninth somites, are pyriform, or aggregations of several 
pyriform groups. Large, granular, lightly staining cell bodies 
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give rise to long slender ductules, which, first united into fasci- 
cles, break up into smaller and smaller groups, and are finally 
distributed singly on all parts of the surface of the acetabulum. 
This arrangement is beautifully shown in living specimens. 
The ductules are filled with rounded granules, which may be 
forced from their mouths in living worms by pressure. The 
granules will emerge in strings, absorb water, swell, and run 
together in a very short time, forming a homogeneous mucus. 

Of all the numerous glands developed from the epidermis 
none are so remarkable as the great lateral mucous glands, 
whose clearness in living examples suggested the specific name 
for the species. Each of the post-cephalic somites, from the 
first to the ninth, inclusive, possesses a pair of these structures, 
which occupy, in the more anterior ones, almost the entire 
body-cavity of the major annuli, lateral to the heart, alimentary 
canal, and nerve cord (Fig. 7, Ig). Of more or less spherical 
or broadly fusiform shape, they pass dorsally and ventrally into 
fascicles of ductules which perforate the body walls, and open 
on the surface between two circular muscle fibres (Figs, i and 
7, Ig), Occasionally, instead of a single gland, there are two 
pyriform ones, placed end to end and more or less united (Fig, 
I, lg8)i or the cells may have this grouping within a single 
gland. The external openings are seen in surface views as 
four series (two dorsal and two ventral) of clear sieve-like spots, 
in which the ends of the ductules appear as 10-15 clear polyg- 
onal areas in a stained meshwork (Figs. 6 and 7). The ductules 
have a terminal diameter of .002 mm. 

The exceedingly large gland cells, which often have a diam- 
eter much exceeding that of the entire nerve-cord and ganglia, 
that is, about .05 mm., have an irregularly polyhedral shape; 
their broad bases being fitted together to form the surface of 
the gland, near which the nuclei lie; while internally they 
taper into the ductules which frequently traverse the entire 
length of the gland, and emerge with the fascicle at the oppo- 
site pole, often having a complete length of .1 mm. The cell 
protoplasm is faintly granular, and very transparent; and is 
very slightly, or not at all, affected by stains. Of all the stains 
which were used methyl green alone gave a decided color. 
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Biondi-Ehrlich readily diflferentiates between these and the 
adhesive glands of the acetabulum, which most resemble them, 
staining the former more blue, the latter more red. Alcoholic 
cochineal fails to stain the contents of these cells at all, while 
the adhesive glands are deeply colored. The cell-walls and 
nuclei, however, always stain deeply. The former are distinct, 
but delicate, sometimes tensely stretched, sometimes, notably 
in worms which have been inactive for a long time, wrinkled 
and flaccid. Most of the abundant glairy mucus which en- 
velops the resting worm is secreted by these glands. In the 
quiescent condition of the worm the posterior sucker is firmly 
fixed, the head and anterior somites are coiled ventralward, 
about one and one-half turns, and the transparent mucous 
covering thrown out as a protection. As it leaves the ductules 
the secretion has an almost fibrous structure, which reminds 
one of a spider's thread as it leaves the spinnerets, but this 
soon disappears in the water. 

The lateral glands probably represent the setigerous epithe- 
lium of the Enchytraeidae, etc. 

Filling up the basal portion of the upper lip is a conspicuous 
gland, which may have a salivary function, and which diflfers 
in appearance from any of the glands yet described. It is 
developed from a tubular invagination of the oral epithelium, 
just in front of the upper jaw (Fig. 9, j^), and, in the adult 
consists of a single stratum of coarsely granular pyramidal 
cells, opening into a short tubular duct, which is somewhat 
eccentric in position, owing to the cells of the posterior wall 
having their growth restricted by crowding against the muscu- 
lar jaw-pad. A slight median dorsal constriction divides the 
gland into two lobes. This gland is further remarkable from 
the presence of a muscular sheath, which extends as a delicate 
sheet from the dorsal region of the muscular jaw-pad, over its ' 
dorsal and anterior faces, to the oral epithelium. The sheath 
slips freely over the glandular epithelium and serves to elevate 
the lip; and, perhaps, also to aid the flow of secretion from the 
duct by pressure on its walls. 

Glandular structures, developed especially by the epithelia of 
particular organs, will be described in their proper connection. 
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Muscular system, — The muscles of the body walls are dis- 
posed in two layers, the outer of circular, the inner of longi- 
tudinal fibres (Figs. 7 and 11). Both consist of elements of 
somewhat complex structure, which has been described by 
Voigt for Branchiobdella ; those of this species differ but 
slightly from Voigt's description, though they are smaller than 
in any Discodrilid which I have examined, the circular fibres 
having a diameter of about .CX)75 mm., and the longitudinal of 
.cx)75-.oi5 mm. 

Only a general account of the muscles can be presented 
here, as a complete description of their distribution and varia- 
tions in the different regions of the body would require the 
space of a separate memoir. 

The circular muscle fibres do not form a continuous layer in 
the walls of the body somites, but are scattered singly at regu- 
lar intervals, encircling the body like hoops, of which there 
are from 12 to 16 per somite. As before described, they are 
closely associated with the epidermis, in which they are deeply 
imbedded; and thus divide it into alternating cellular and non- 
cellular zones. This relation is so intimate that it is more 
convenient, if less accurate, to speak of a musculo-epithelial 
layer, rather than of a muscular and an epidermal. This is the 
more so because of the wide inter-muscular spaces which sepa- 
rate the circular from the longitudinal muscle layers; and per- 
mit to each greater freedom of adjustment. These spaces exist 
principally in the major annuli of all the complete somites, and 
extend completely around the body, except where interrupted 
by the spermatheca and atrium, in the fifth and sixth somites, 
respectively. In contraction the skin (epidermis and circular 
muscles) rises freely all around in a prominent fold, like an 
arch, as seen in optical or actual section, of which the longitu- 
dinal muscles form the cord. In extension, the two layers 
approach and touch, obliterating for the time the space be- 
tween. The spaces are in part occupied by the smaller skin 
and clitellar glands, by the terminal trunks of the nephridia, 
the nephridial vesicle, and portions of the ductules of the great 
lateral mucous glands, and are further, more or less, filled by 
a loose reticulum of connective tissue fibres and cells. The 
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circular fibres (Figs. 2 and 4) consist of a more or less com- 
plete tube of a dense fibrillated (having longitudinal striae) 
protoplasm which bears on the internal side a bulging mass of 
granular protoplasm, in which the nucleus is imbedded; similar 
granular protoplasm fills the lumen of the cortical tube. 
Minute branches of the cortical substance communicate with 
neighboring fibres, and thus form an irregular muscular reticu- 
lum, in the meshes of which the groups of epidermal cells are 
included (Fig. 3). This is well shown in surface views of the 
skin stained in methylene blue. 

The more powerful longitudinal muscle coat is continuous 
throughout the length of the body, and becomes, through 
branching and complex interlacing, much differentiated at both 
the anterior and posterior ends. In general, the fibres are 
arranged side by side in a single layer, or incompletely in two 
layers ; in the latter case those of one layer show a tendency 
to slip between those of the other. Most of the fibres have a 
length equal to a complete somite; but they are so arranged 
that the ends of adjacent fibres do not coincide by a distance 
equal to the length of a minor annulus ; that is, in any somite, 
alternate fibres, all around the body, extend for the entire 
length of that somite through both annuli, while the remaining 
fibres extend from the posterior limit of the major annulus to 
the anterior limit of the minor annulus next anterior, thus 
breaking joints and materially increasing the strength and 
flexibility of the body walls. This arrangement is particu- 
larly striking in B. philadelphicus, in which the muscle fibres 
are much larger. Where fibres join end to end there is an 
irregular jagged interlocking, which looks like the line of 
a break across the grain of a board, and doubtless is to be 
explained on the same principles. The fibres have a 
structure similar to that of the circular muscles, but are ex- 
ceedingly variable in the relative amount and arrangement of 
striated and granular substance. Some exhibit a complete 
cortical layer with radiating longitudinal markings, within 
which, as a medullary portion, the granular protoplasm is con- 
fined with the nucleus; others show a large mass of granular 
protoplasm, with the striated substance variously arranged. 
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and perhaps limited to two small bands. Muscle fibres of the 
former type, but with the addition of an external granular 
mass, in which the nucleus is imbedded, about the middle of 
their lengths, are most frequently met with. Figs. 7, 8, and 
1 1 show a few examples. 

The inter-segmental septa are composed of more or less 
parallel dorso-ventral muscles, which form thin sheets, arising 
by one or two roots, from the ends of the longitudinal fibres. 
Where best developed the component fibres are bound together 
by cross-slips, much as are the circular body muscles. Septa 
are aborted between the first four somites, which freely com- 
municate; but remnants remain as a few delicate slips which 
guy the alimentary tract to the body walls. They are well 
developed between the sexual somites. 

The musculature of the posterior sucker is complex, and well 
adapted to secure strength and mobility. The circular muscles 
undergo little change ; but the longitudinal split up, by the 
branching of individual fibres, into a set which are the direct 
continuation of the body longitudinal fibres, a second set which 
pass dorso-ventrally across the body cavity, a third which radiate 
to the margins of the disc, and, lastly, a highly branched set 
which have become slightly displaced at their posterior ends, 
right or left from their original longitudinal direction, and con- 
sequently pass with a slight spiral turn from the body walls to 
the periphery of the sucker, where they cross and interlace 
with their fellows having an opposite displacement. 

Alimentary canal. — The digestive tract is distinguishable 
into oral, phar)mgeal, oesophageal, intestinal, and anal regions. 

The mouth has an extreme anterior position between the 
very mobile lips into which the peristomial annulus is divided. 
The dorsal lip is slightly the longer, and, projecting somewhat, 
gives to the mouth a slightly ventral aspect (Fig. 9). Labial 
papillae, so well developed in B. philadelphicus and in Branchi- 
obdella, are absent, a few faint ridges indicating a slight ten- 
dency toward their development. Sensory hairs are also absent. 
Circular muscle fibres continue unchanged into the lips to the 
oral invagination ; while the longitudinal muscles partly con- 
tinue, but mainly break up into delicate dorso-ventral and radiat- 
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ing fibres, which traverse the internal cavity of the lips and 
constitute the chief musculature of these versatile structures. 
The lips are bounded posteriorly by the muscular jaw pads 
(Fig. 9, dm^ vm). 

Numerous single and small aggregations of unicellular glands 
are developed from the epidermis of the margins and internal 
surfaces of the lips. Such are especially numerous on the inner 
surface of the ventral lip just anterior to the jaw (Fig. 9, og). 
In a similar position on the dorsal lip is the supposed salivary 
gland, sg. 

Immediately posterior to these structures are slit-like dorsal 
and ventral infoldings of the epidermis and cuticle, bounded 
behind by a thickened epidermal pad. On the posterior walls 
of these invaginated pockets, and on the epidermal prominences 
which follow, the jaws are molded. The cuticle of the invagi- 
nation gives attachment to the protractor muscles of the jaws 
(Fig. 9, dpm and vpm)^ which are dorso-ventral fibres derived 
from the anterior face of the muscular jaw pads, in addition to 
which the ventral jaw possesses, as an accessory protractor, a 
pair of muscle fibres which arise from the apex of the muscular 
ridge into which the jaw pad rises, and, curving around an 
isolated fibre posterior to the mass of the pad, insert into the 
posterior limb of the jaw, on which they exert a dorsal traction, 
and consequently move the point of the tooth forward (Fig. 9). 
The retractor muscles are, particularly in the case of the dorsal 
jaw, an extremely large and powerful pair of fibres, which 
spring from the longitudinal muscular coat in the region of the 
first cephalic constriction, and pass obliquely forward to insert, 
in the case of the upper jaw, directly on the posterior limb of 
the jaw plate, and of the lower, into the epidermis and cuticle 
immediately behind the jaw (Fig. 9, drm [the anterior index 
line] and vrm). 

The pad on which the jaws are supported is a powerful 
muscular apparatus formed of two (a dorsal and a ventral) 
half disks, each of which consists of four or five semi-circular or 
semi-lunar muscle fibres piled upon and embracing one another, 
and meeting those of the opposing half disk in a transverse line 
(Figs. 9 and 10, dm and vm). This is set transversely in the 
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head at the beginning of the pharynx, and extends from the 
walls of the latter on all sides nearly to the external muscle 
layers of the head, to which it is bound by numerous radiating 
fibres (Fig. 10). A few dorso-ventral fibres cover the anterior 
and posterior faces of both plates. The circular fibres taper 
more or less from a nucleated middle toward both ends. 

The mechanism of the jaws is seen to be powerful and effi- 
cient. The muscular plates, with their radiating fibres, regu- 
late the distance between the two jaws, approximating or 
separating them as the circular or radial fibres contract in turn. 
The circular muscles seem sufficiently powerful to bring the 
jaws together with crushing force. The protractor muscles 
carry the jaws forward (with a rotary or rocking movement on 
the muscular pads) against an object of attack, the lower jaw 
acting with its teeth as a hook, while the powerful retractor 
muscles of the upper jaw bring its toothed blade with a shearing 
motion between the ventral teeth. Thus is constituted an 
efficient pruning apparatus, the chief purpose of which is, I 
believe, the clipping oflF of branchial filaments of the crayfish 
host, from which the blood is then drawn. They are probably 
also used for mowing down the colonial inf usorians which cluster 
along the borders of the branchial chamber, and remains of 
which are frequently seen with diatoms, etc, mixed with cray- 
fish blood in the stomachs of worms examined. 

The jaws mark the beginning of the pharyngeal region, 
which extends to the oesophagus in the anterior part of the 
first post-cephalic somite (Fig. 9). The region is distinguished 
by the great development of muscular tissue, and doubtless 
functions in the capacity of a suction bulb to increase the flow 
of blood from the wounded tissues of the host. The structure 
is similar throughout. A delicate cuticle lines its lumen, thin- 
ning out and disappearing where the transition from pharyngeal 
to oesophageal regions takes place. The epithelium is charac- 
teristic. As has been described above, cell boundaries are 
seldom clearly distinguishable, but the deeply staining proto- 
plasm, with its contained nuclei, is crowded, with the exception 
of a delicate continuous layer, from its normal position at the 
surface, into irregular processes, which fit plug-like between 
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the ends of the radial muscle fibres (Fig. 1 1, If the epi- 
thelium could be completely isolated, it would present somewhat 
the appearance, without the regularity of pattern, of those 
ingenious rubber change mats which are in such frequent use 
on the show-cases of our stores. 

Immediately external to the epithelium and highly developed 
is a continuous layer of circular muscles. The fibres have a 
very regular arrangement (Fig. 9, ep), are completely tubular, 
and increase in size toward the posterior end of the head, 
where they pile up into several layers and pass into the pos- 
terior cephalic septum, behind which they rapidly diminish into 
the delicate muscular coat of the oesophagus. 

Radiating on all sides from the pharyngeal walls, traversing 
the head cavity and passing into its outer walls, are numerous 
large isolated muscle fibres (Figs. 9 and 1 1, vm). These origi- 
nate externally from the longitudinal muscles, become somewhat 
constricted within the head cavity, and break up at their inner 
ends into numerous branches which spread and straddle the 
circular fibres, passing between them and penetrating the 
pharyngeal epithelium as described above. They are among 
the largest muscular fibres of the body, reaching a diameter 
of .025 mm. The central granular protoplasm is well marked, 
and contains a conspicuous nucleus, which may, however, lie 
on the exterior of the fibrillated protoplasm (Fig. 11, rm^). A 
pair of small, berry-shaped glands are attached, one on each 
side, to the lateral angles of the pharynx, just behind the jaw 
pads. They are partially indicated in Fig. 10, ^, 

The oesophagus is short, and its posterior limit rather ill 
defined. It is characterized by a sudden diminution of mus- 
cular tissue in the walls of the digestive tract, which takes 
place after penetrating the posterior cephalic septum and enter- 
ing the first body somite, by a change in the character of its 
lining epithelium, and by the absence of chloragogue cells, 
which distinguish the intestine. The alimentary canal begins 
to increase in diameter within the body segments, and exhibits 
a slight sacculation in the second. In this region the lining 
epithelium is a single stratum of columnar cells, with freely 
rounded and often bulbous, projecting ends (Fig. 7, oe). No 
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cuticle nor cilia have been detected in this region. The mus- 
cular coat of the oesophagus is principally made up of 
thin, transparent, non-granular fibres, forming a sheet which 
blends with each successive muscular septum, and is continu- 
ous without much change throughout the remainder of the 
alimentary tract. Circular muscles are distinguished as delicate 
rings on the inner face of the longitudinal sheet, but become 
much moi-e conspicuous at the septal constrictions, where they 
derive additional fibres from the septa themselves. 

The modification of the peritoneum to form chloragogue 
cells begins in the third or second somite, behind which the 
intestine is enveloped in a continuous layer to the seventh 
somite, where they are absent (or sometimes sparingly scat- 
tered among the peritoneal cells by which they are replaced), 
but reappear in the eighth and ninth somites (Figs. 5, 12, 13, • 
and 1 5). In surface views of fresh material the chloragogue 
cells appear as a mosaic of large polygonal cells, with straight 
closely fitted edges, possessing a clear central nucleus, and 
cytoplasm of a greenish brown color, due to the presence of 
numerous large granules and minute globules. In sections 
they appear more or less flattened, or prominently bulging, 
according to their position and the degree of contraction of 
the intestine. In the region of the dorsal blood vessel they 
become elongated and arch over its walls. From their flat- 
tened or concave bases protoplasmic filaments and columns 
arise, which cross the peri-enteric sinus and bind the chlora- 
gogue cells and the epithelium more firmly together. By the 
increase of such strands in size and number the sinus is broken 
up anteriorly and posteriorly into plexuses. The granules with 
which the protoplasm is filled are stained deeply by most dyes; 
and the clear globules above mentioned blacken with osmic 
acid, while unaffected by ordinary stains, and dissolve in chlo- 
roform, etc,^ appearing in sections as spaces. Their evident 
fatty nature leads me to regard the chloragogue cells as ab- 
sorptive, while, on the other hand, their relation to the peritoneal 
corpuscles renders an excretory function probable. There seems, 
then, little choice between the two opposing views which have 
been brought forward, both probably being in part correct. 
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In the seventh or ovarian somite the absence of chloragogue 
cells (Fig. 15) permits the maturing ova to come into close con- 
tact with the walls of the blood sinus, which they envelop — 
a nutritive arrangement of importance. True chloragogue 
cells are again absent in the tenth segment on the rectum, 
which is covered by a layer of cubical peritoneal cells (Fig. 5). 
In the region of the anus circular muscle fibres increase ta 
form a sphincter. 

The epithelium of the intestine presents the same general 
characters as that of the oesophagus, but becomes more flat- 
tened (Fig. 12 and 13), especially in the saccular enlargements, 
while at the constrictions the elongated cells project into the 
lumen to form valve-like outgrowths (Figs. 5 and 13). It is 
ciliated only in the posterior part (Fig. 5). 

Vascular system, — The vascular system differs in no im- 
portant respect from the description given of Branchiobdella 
by Domer and amended by Voigt. The peri-enteric blood 
sinus, to which Voigt first specially called attention in Bran- 
chiobdella, is highly developed in the present species, in which 
it exists as a continuous space between the muscular and epi- 
thelial coats of the intestine, extending from the third to the 
eighth somites inclusive, and breaking up at each end into a 
system of passages and lacunae having a retiform arrangement 
(Fig. i). The sinus has an average depth of .005 mm. ; and is 
without true walls other than the intestinal coats between 
which it lies. It is crossed by numerous protoplasmic strands 
and columns which bind its walls together, and remind one of 
the stalactites and columns of a limestone cave. These be- 
come larger and more frequent toward the ends of the sinus, 
which they finally interrupt so much as to convert it into the 
terminal plexuses mentioned. In Fig. 5, drawn from a speci- 
men in which the sinus continued complete even into the 
ninth somite, these strands are well shown owing to the ab- 
sence of any considerable quantity of blood, which often stains 
deeply and obscures not only the strands but the muscular 
coat as well. Enlarged chambers exist here and there in the 
course of the sinus ; and continuous enlargements extend 
along the dorsal and ventral regions. The ventral or sub- 
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intestinal enlargement remains throughout its entire length 
strictly a part of the sinus, with which it is in continuous com- 
munication ; but the dorsal one, which has a similar relation 
posteriorly, begins in the fifth somite to have the character of 
a distinct vessel, which has more or less complete walls and 
rises above the level of the sinus, from which it may be en- 
tirely free for a short distance, but again open into it through 
a cleft (Fig. 12). Perforating the septum 4-5, from which its 
muscular walls receive accessions, it becomes a distinct muscu- 
lar tube, still imbedded amongst the chloragogue cells, and, 
increasing in diameter, passes obliquely down the right side of 
the intestine, with which it loses all connection in the third 
somite, and becomes a regularly pulsatile tube — the so-called 
heart. The heart thus formed is thrown into a conspicuous 
loop, which accommodates itself to changes in the animal's 
length. It lies to the right of the oesophagus, and in the first 
somite rises once more to a dorsal position and gives off the 
fifth pair of vascular arches; anterior to which it continues 
into the head as the dorsal trunk. 

At the place of origin of the heart from the blood sinus cer- 
tain chloragogue cells extend into its lumen, and give rise to 
a remarkable chain of valve cells, which retain all of the visible 
characters of the chloragogue cells. This rod is chiefly con- 
fined to the ventral wall of the heart, to which it is more or 
less closely bound. The inter-cellular space described by 
Voigt is well marked in this species, and may be seen to in- 
crease and decrease in size with the expansion and contraction 
of the heart. Occasionally in sections (Fig. 14, b) the cells 
form only a thin wall around a conspicuous lumen. In some 
cases also there are indications of a special muscular layer sur- 
rounding the cells (Fig. 14). They are also attached here and 
there to the walls of the heart by delicate threads (Fig. 7, //). 
The rod is continuous throughout the greater part of the heart 
and may even extend into the dorsal vessel of the head (Fig. 9). 
Well fitted to serve as valves, the peculiar arrangement of the 
cells permits them to act also in the direct propulsion of the 
blood. The cells present more flattened surfaces anteriorly, 
and more sloping ones behind, and swinging forward as the 
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wave of contraction passes along the heart walls, push the 
blood along, and then return without ofiFering much resistance, 
and complete another oscillation before coming to rest. As 
the wave of contraction passes forward they close the lumen of 
the heart more efifectually than would be possible for the mus- 
cular walls alone, and add greatly to the efficiency of the organ. 

The dorsal vessel of the head is very much smaller than the 
heart; and as the posterior portion is also elastic and somewhat 
contractile, the flow of blood is doubtless nearly or quite con- 
tinuous, although the heart contracts intermittently. From it 
three pairs of conspicuous but delicate lateral trunks arise, cor- 
responding to the three posterior cephalic annuli, and wind 
among the muscles around the pharynx to join the sub-neural 
vessel. The most anterior of these three blood arches is 
closely associated with the circum-oesophageal nerve connec- 
tive. Finally the dorsal vessel terminates, after passing be- 
neath the supra-oesophageal ganglion, in a pair of trunks which 
arch through the lips close to the salivary gland, and meet 
ventrally to constitute the supra-neural blood vessel (Figs, i 
and 17), which is soon increased by the accession of the sec- 
ond, third, and fourth pairs of cephalic blood arches (Fig. 16), 
and, in the first body somite, by the fifth pair of arches. 
Throughout its entire length the supra-neural vessel lies in 
contact with the dorsal side of the nerve cord, and passes be- 
tween the ganglia of each pair in a deep groove (Figs, i, 7, 
1 1, etc). In the seventh somite it gives off a pair of large 
ovarian vascular arches, which empty into the dorsal enlarge- 
ment of the peri-enteric sinus (Fig. i). The supra-neural ves- 
sel terminates in the tenth somite in a pair of large trunks, 
which arch around the intestine, and pass forward to empty 
into the dorsal region of the peri-enteric sinus, thus forming 
the beginning of the dorsal enlargement, which here receives 
the dorsal ends of the plexus of blood passages (Figs, i and 5). 
Of the seven pairs of lateral arches mentioned, a labial and 
three cephalic pairs, in the pharyngeal region, arise from the 
anterior prolongation of the heart ; an oesophageal pair, which 
owing to their great length are often looped into the succeed- 
ing somite, arise from the anterior end of the heart itself ; a 
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large pair of ovarian arches, which are more or less imbedded 
in the maturing ova, lie in the posterior part of the seventh 
somite ; and the seventh pair, which are the largest of all, 
posteriorly connect the supra-neural vessel with the peri-enteric 
sinus. The walls of the supra-neural and lateral vessels are 
very delicate and non-contractUe. At wide intervals, nuclei, 
which resemble those of the peritoneal cells, may be detected, 
but I have found no traces of cell boundaries. 

Nervous system. — The nervous system does not differ in 
any important particular from the description given by Domer 
for Branchiobdella. It consists of a pair of supra-oesophageal 
ganglia lying just posterior to the dorsal jaw pad. The two 
ganglia of this pair are united across the median line by a 
cord of nerve cells and a fibrous commissure ; and each bears 
weU marked posterior lobes, which are themselves divided into 
larger external and smaller internal parts, and are connected 
with the main ganglion by three strands of nervous matter 
(Fig. 17). The vascular arches of the second pair pass along 
the groove between the anterior and posterior divisions of the 
ganglia, and follow the connectives about to be described. 
The circum-oesophageal connectives are thick strands of nerve 
fibres, with a partial covering of nerve cells which extend from 
the ganglia particularly along their posterior and anterior 
faces. They pass around the pharynx, and, just before meet- 
ing on the ventral side, each bears a bi-lobed pedicled gan- 
glion (Figs. I and 16), and after uniting to form the ventral 
nerve cord, two succeeding pairs of similar but larger g^glia ; 
making in all four pairs of double ganglia within the limits of 
the head (Figs, i and 16). The nerve cord, which consists of 
two distinct halves throughout its length, enlarges at the gan- 
glia and shrinks in the inter-ganglionic intervals. Nmnerous 
nerve fibres arise from the circum-oesophageal connectives and 
the superior ganglia, and pass to the peristomial region. In B. 
philadelphicus these can be readily traced by the use of methy- 
lene blue to the circum-oral hairs, and especially to the oral 
papillae. 

In the post-cephalic somites a ventral chain of eight pairs of 
bi-lobed ganglia is succeeded by a posterior ganglionic mass. 
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representing three pairs of coalesced ganglia which succes- 
sively diminish in size toward the posterior end (Fig. i). The 
anterior eight are situated in the major annuli of the corres- 
ponding number of somites. They are of equal size and simi- 
lar form ; the posterior lobe of each being slightly smaller than 
the anterior. The fifth and sixth are slightly displaced to the 
right of the middle line, respectively by the spermatheca and 
the atrium, especially the sixth, which is also turned on edge 
and bound to the muscular wall of the copulatory bursa. 
Dorsally all of these ganglia rise above the level of the nerve 
cord (Figs. 7, ii, and 18) to which they are broadly attached ; 
forming a series of grooves in which the supra-neural vessel is 
accommodated. Three pairs of nerves spring from the region 
of each pair of ganglia, one from each end and one from the 
transverse constriction (Fig. 18). These supply the body 
walls, and are readily traced between the two layers of mus- 
cles, splitting up as they proceed. The first and second nerves 
supply the major annulus alone, the third (posterior) divides, 
one branch passing to the major, the other to the minor annu- 
lus. The posterior mass is related to the caudal concentra- 
tion of somites for the support of the sucker, and lies posterior 
to the septum 8-9. It does not differ in minute structure from 
those anterior. The anterior ganglion of the mass is larger 
and the posterior smaller than the isolated pairs of ganglia. 
Several lateral nerves have their origin here, and the cord ter- 
minates in a brush of smaller nerves which supply the numer- 
ous glands and muscles of the region. Long narrow fissures 
appear along the middle line of the nerve cord at intervals for 
its entire length, and frequently penetrate completely through, 
separating the two halves of the cord. 

A thin sheath which encloses the nerve cord for its entire 
length and includes the supra-neural vessel, appears to be 
muscular. 

Besides the smaller ganglion cells which make up the bulk 
of all of the ganglia, each ganglion possesses a small basal 
group of larger ones (Fig. 18). No visceral nervous system 
has been detected ; nor any of the large isolated ganglion cells 
figured by Voigt in connection with the acetabular glands. 
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Reproductive system, — The reproductive organs of Bdello- 
drilus differ in certain important respects from those of 
Branchiobdella, as described by Domer, Keferstein, Voigt, 
Vejdovsdy, etc; but nevertheless there is a close general 
resemblance between the two. Resembling its allies, Bdello- 
drilus is hermaphroditic, and possesses accessory sexual struc- 
tures admirably fitted to the process of reciprocal fertilization, 
which, no doubt, occurs during copulation. The general 
arrangement of the reproductive organs is shown in Fig. i. 

The male organs occupy the greater part of the peri-enteric 
cavities of somites five and six. They consist of two pairs of 
testes, and two pairs of vasa deferentia, having a common 
opening to the exterior by means of a complex unpaired atrium, 
which is differentiated into a glandular sperm sac, a muscular 
sperm sac, an eversible penis, and a muscular copulatory bursa, 
with its associated glands. The testes proper can be distin- 
guished satisfactorily only in the young, in which, if examined 
shortly after hatching (or after removal from the cocoon just 
previous to that event), they are easily detected in entire 
worms or in sections as small groups of rounded nucleated 
cells, attached near the floor of the body on each side of the 
posterior faces of septa 4-5 and 5-6. Their origin from the 
peritoneal lining of the coelom is evident upon the examination 
of longitudinal sections of several successive stages of develop- 
ment. The first steps in the development of spermatozoa 
begin before the worm has nearly reached full size, and pro- 
ceed continuously; the various stages floating freely in the 
coelom, in which they complete their development. In the 
mature worm the cavities of the fifth and sixth post-cephalic 
somites are filled with spermatozoa in various stages of de- 
velopment, while the testes proper have become much reduced 
and inconspicuous. The details of this process have been 
admirably worked out and described by Voigt; and it need 
only be added that what observations the writer has made are 
in accordance with his account. 

The male efferent ducts (Figs i, 19, and 20) correspond in 
number to the testes, and their mouths open into the same 
somites. The mouths of the anterior pair lie far forward in 
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somite five, both being usually displaced to the left side by the 
spermatheca, which occupies the right of the same somite. 
Penetrating the septum 5-6 close together near its ventral 
attachment, they unite, and proceed as an unpaired duct to the 
copulatory bursa, to the anterior walls of which it is attached, 
and then turns sharply upward to empty into the middle of the 
glandular sperm reservoir. The posterior pair, lying entirely 
in somite six, are shorter and more symmetrically arranged. 
Their free ends are attached to the anterior face of the septum 
6-7, from which their mouths turn forward. The common 
duct into which they unite is slightly attached to the bursa, 
and empties into the sperm sac at the same place as the 
anterior (Fig. 19). These vasa deferentia are rather broad 
thick-walled tubes with narrow lumens. They are lined by a 
naked cubical epithelium, which becomes more columnar and 
acquires cilia a short distance from the free end, which presents 
no funnel-like expansion. (In a single preparation, out of a 
great many examined, all four vasa deferentia possessed ex- 
panded mouths.) The epithelium is covered by an outer layer 
of narrow elongated cells, which are placed transversely, and 
form a complete investment around the duct, except of the 
ciliated cells, which extend freely beyond this covering (Fig. 
25). These cells are undoubtedly muscular, and have the 
same structure as the larger muscle fibres which similarly 
invest the walls of the spermatheca (Fig. 21). In living ani- 
mals subjected to pressure a faint and irregular wave of con- 
traction may sometimes be seen to travel along the walls of a 
vas deferens toward the atrium; and such peristalsis doubtless 
serves to impel the spermatozoa along the non-ciliated passages. 

The atrium (Figs. 19 and 20) or enlarged terminal portion of 
the male efferent apparatus, is divided into two distinct por- 
tions, the internal glandular spermatic vesicle, which belongs 
to the vasa deferentia, and serves to collect and retain the 
spermatozoa; and a prominent muscular-walled region which 
functions as a copulatory organ, and is derived from an invagi- 
nation of the body walls. The former (Figs. 19 and 20, sv) is 
a short curved sac, somewhat enlarged at the free end and 
tapering toward the other, where it suddenly contracts in 
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diameter before emptying into the anterior side of the enlarged 
inner end (muscular sperm sac) of the penis. The glandular 
sperm sac lies in contact with the anterior side of the penis 
sheath, where it is held by the vasa deferent ia (Fig. 19). At 
about the middle of its length it presents a slight ventral 
enlargement which receives the vasa deferentia, beyond which 
it curves abruptly upward. The thick glandular walls are 
made up principally of deeply-staining columnar or irregularly 
pyramidal cells, with distinct basal nuclei, and reticulated 
granular protoplasm (Figs. 22 and 23). At the place of com- 
munication with the muscular sperm sac these cells perforate 
the muscular coat of the latter, and become continuous with 
its lining epithelium (Fig. 23). No cilia are present in the 
sperm sac. 

The copulatory region of the atrium is formed by a single 
invagination of the entire thickness of the body wall; the 
epidermis becoming the epithelial lining, and the longitudinal 
and circular muscle coats, respectively, the longitudinal and 
circular muscle coats of the atrium. Proximally the in- 
vagination becomes expanded into a conspicuous sub-spher- 
ical copulatory bursa (Figs. 19 and 20), the posterior dor- 
sal portion of which is continued into the sub-cylindrical 
penis sheath (Fig. 19). The thick muscular walls of the bursa 
are principally derived from the longitudinal muscles of the 
body. These continue their longitudinal direction over the 
bursa and penis sheath, increasing in thickness on the anterior 
wall of the former, while on the latter only a single layer of 
closely appressed fibres is developed. They cease entirely at 
a constriction which marks the upper end of the penis and the 
beginning of the muscular sperm sac (Figs. 19 and 20). 
At the point where the bursa passes into the penis sheath a 
reflection of a portion of the longitudinal fibres (which pushes 
the epithelium before it) into the cavity of the former, gives 
rise to the basal portion of the penis, which, when retracted, 
projects as a conical process downward and forward into a 
space between the bursal glands (Figs. 19, 20, and 26). 

The circular muscle fibres become in the walls of the bursa 
quite distinct from the epithelium and more closely associated 
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with the longitudmal muscles. Around the mouth of the bursa 
they form a sphincter, but elsewhere a thinner layer one fibre 
deep. This is interrupted in the upper part of the copulatory 
bursa by the enormous enlargement of two lateral groups of 
epithelial cells to form the bursal glands, which push between 
the two muscular layers and occupy what corresponds to the 
spaces between the longitudinal and circular muscles of the 
body walls, bulging the side walls of the bursa outwards, so 
that the transverse diameter is fully one-half greater than 
the antero-posterior (Figs. 19, 20, 24, and 26). The circular 
muscles thus lie entirely within the bursal glands, between 
these and the lumen of the bursa. 

In the penis sheath (Figs. 19 and 20) the circular fibres 
become still further distinct from the epithelium, and closely 
connected with the longitudinal muscle coat; leaving a nearly 
empty space all around, between the epithelium and the circu- 
lar muscles. Numerous small muscular slips, from the circu- 
lar fibres, traverse this sub-epithelial space and insert among 
the epithelial cells. For the sake of clearness these have been 
omitted in the partly diagrammatic Figs. 19 and 20. These 
fibrils, which must be capable of gfreat extension, are an im- 
portant factor in the eversion and retraction of the penis. At 
the constriction of the penis sheath above mentioned the sub- 
epithelial space ceases (Figs. 19 and 20), and the circular 
muscles come in direct contact once more with the epithelial 
cells. They extend together beyond the limit of the longitu- 
dinal muscles, and expanding, form a prominent vesicle (Figs. 
19 and 20 si/) which receives the glandular sperm sac, and into 
the cavity of which the lumen of the penis expands. The 
muscle fibres of the atrium (Figs. 24 and 26) possess rather 
elongated nuclei, and differ somewhat in minute structure 
from those of the body walls, being rather a transition form 
between these and such as cover the spermatheca. The 
fusiform shape which Fig. 26 shows is due to oblique section. 

The epithelial portion of the invagination is derived from a 
cellular zone of the epidermis, and undergoes no change 
throughout the greater part of the bursa, except in the dorsal 
region, where a pair of conspicuous glands are developed, one 
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oh each side of the space in which the end of the penis lies 
(Figs. 20, 24, and 26, g). The gland cells are arranged in an 
almost spherical group around a deep hilum, or sinus, which 
serves as a duct, and opens directly into the cavity of the 
bursa. The cells are pyramidal, with broad, deeply staining 
bases containing the nuclei ; and elongated necks which are 
highly granular, but stain less deeply, and converge toward 
the sinus, in which the cuticle is interrupted (Fig. 26). The 
presence of these glands complicates the shape of the cavity 
of the bursa. Ventrally (below the glands) it is transversely 
extended, and, as the glands stand out from the posterior wall, 
antero-posteriorly constricted ; higher up (between the glands) 
it is narrowed in its transverse dimension, and extended antero- 
posteriorly ; dorsally it expands, but is much encroached upon 
by the projecting end of the penis. Figs. 19, 20, and 24 will 
make this clear. 

Over the free projecting end of the penis the epithelium is, 
of course, reflected, and then continues with its cuticular cover- 
ing as the lining and eversible portion of that organ. Here 
the cells become rather smaller, but regain their size in the 
muscular sperm sac, into which the cuticle also continues. 
This penis epithelium is, as it were, much too long for its 
muscular sheath, and is consequently thrown into folds or 
slightly spiral coils within the sub-epithelial space (Figs. 19 
and 20, pe), the narrow lumen appearing as a conspicuous wavy 
double contour. In protrusion these waves are straightened ; 
partly pulled out by the contraction of the minute muscular 
fibrils, partly squeezed out by the pressure of the circular 
muscle coat, and partly by the shortening of the whole organ, 
owing to the contraction of the longitudinal muscles. By the 
combined action of these forces the epithelium is everted, and 
projects from the external opening of the bursa as a double- 
walled tube, slightly bulbous at its free end, and covered with 
a smooth cuticle. Whether or not the bursa itself is everted 
naturally in this species is a question. By careful application 
of pressure while under the microscope I have been able to 
force it through the external opening ; but it always carries 
the sixth nerve ganglion with it under such circumstances; 
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and, although naturally everted penes are not difficult to ob- 
serve, the bursa is never displaced. The everted penis in such 
cases is quite long enough to be functionally useful. In B. 
philadelphicus, on the other hand, the penis and its sheath are 
united into a solid piece, incapable of eversion, and here the 
whole bursa, which has quite a different structure, is everted 
naturally and carries the short projecting end of the penis with 
it. The inner surface of the bursa is smooth in B. illuminatus, 
and shows no trace of the elongated and more or less branched 
papillae which are present in certain other species. 

The ovaries (Fig. i) consist of a pair of cell masses attached 
one on each side to the septum 6-7, and hanging into the 
coelom of the seventh somite. In immature individuals they 
have the arrangement described by Voigt for Branchiobdella, 
but are more slender, and are borne on longer muscular 
pedicles. In the mature worm the ovaries have become much 
more bulky and of irregular shape (Fig. i). Their mass is 
made up of young ova (Fig. 27) of nearly uniform size. The 
immature ova are spherical, with a large, clear nucleus and 
distinct nucleolus. A transparent stroma in which the ova 
are imbedded appears to be present, and the ova themselves 
are arranged in irregular rows, showing the manner in which 
they have proliferated and pushed out from the germinal epi- 
thelium. Among the ova of the peripheral part of the mass 
a few enlarged ones in the early stages of maturation are 
always present, and two or three large irregular ones nearing 
maturity. The latter have usually broken loose from the 
ovary, and, as irregular masses, conform to the shape of the 
perivisceral cavity, which they largely fill, closely enveloping 
the intestine. A clear nucleus may always be detected in 
living examples, in which the white opaque ova are very con- 
spicuous. In such ova the nuclei have become very much 
enlarged and somewhat vesicular. The entire cytoplasm is 
filled with minute rounded yolk granules (Fig. 28, o), among 
which a few deeply staining specks are scattered. During the 
period of maturation the ova appear to receive nourishment 
directly from the peri-enteric blood sinus, with the thin wall of 
which they lie directly in contact. The pair of vascular arches, 
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around which the ova frequently wrap, serve the same purpose. 
Large coarsely granular masses, which Voigt regards as fatty 
degenerated ova, are frequently present, and appear to be 
absorbed by the maturing ova. 

No free oviducts are present, the mature ova escaping by a 
pair of simple ovipores (Fig. 28), which are ridiculously small 
as compared to the mature ova, though capable of considerable 
distention, and perforate the body walls in the constriction 
between the major and minor annuli of the seventh somite, 
each in the ventral octant of its respective side. The lining 
epithelium resembles that of the copulatory bursa, etc, and 
^reads out on all sides of the internal aperture as a flaring 
lip (Fig. 28). Cilia are wanting, and the ova are extruded by 
pressure of the body muscles, a process which may be success- 
fully simulated by artificial means. The ova are very plastic, but 
at once assume a rounded form in the water. Fig. 28 is taken 
from a preparation of B. philadelphicus, as the section passed 
through a more favorable plane for representation than any of 
B. illuminatus. No essential difference, however, is observ- 
' able between the two species. Note, however, the much 
larger size of the longitudinal muscle fibres and the smaller 
size of the epidermal nuclei in B. philadelphicus. Part of 
an ovum is shown at a lying opposite to the mouth of the 
ovipore. 

As in Branchiobdella, the spermatheca is unpaired ; but in 
the present species has a very characteristic form (Figs, i 
and 29). The proximal portion opening on the ventral surface 
of the fifth somite is sub-cylindrical, but expanded just within 
the mouth by large anterior and posterior glands. Dorsally 
by the side of the intestine it splits into a pair of clavate 
sacs, of which the external (Fig. 29, 0) is the larger, and is 
often thrown into a coil. The internal slightly smaller sac {i) 
has usually the appearance of a lateral branch, being more dis- 
idaced from the axis of the organ than the outer. The lining 
epithelium has also a more glandular appearance (Fig. 30). In 
living animals both divisions show slight terminal enlargements, 
and, owing to contractions of the muscular coat; irregularities 
in diameter. 
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Around the mouth of the spermatheca the epidermal cells 
become more columnar, producing the slight swelling of the 
lips (Fig. 29, ep). Immediately within the mouth the trans- 
parent (almost vitreous-appearing) ductules of the spermathecal 
glands empty. These glands are hemispherical aggregations 
of small pyramidal gland cells (Fig. 29). 

Above this point the epithelium maintains a nearly uniform 
character, becoming somewhat deeper and more glandular in 
the smaller of the two branches. The cells are large and deep, 
and have polygonal basal outlines ; and good preparations show 
a distinct division of the protoplasm into a basal more opaque 
and an apical (next to the lumen) clear zone (Fig. 30), the free 
ends of the cells being often very indistinctly bounded. The large 
central nucleus exhibits a distinct chromatin network (Fig. 30). 

Two layers of muscular fibres invest the undivided portion. 
Of these the outer longitudinal extends with a slight twist as 
a thin transparent sheet a 'single fibre deep, over the glands 
nearly to the point of bifurcation, where it fades out (Figs. 
29 and 32). Each fibre possesses an ellipsoidal nucleus having 
its longer diameter directed longitudinally ; and clear, almost 
homogeneous, but deeply staining cytoplasm (Fig. 32). The 
powerful circular layer is more extensively developed. Begin- 
ning above the glands, it forms a continuous layer of remark- 
able encircling fibres, mostly arranged transversely to the long 
diameter of the organ, but usually more or less spirally on the 
blind end of the smaller division, an arrangement which is 
sometimes even more regular and conspicuous than in the 
example figured (Fig. 29). Owing to the thick rounded form 
of these cells (Fig. 30), and the somewhat irregular manner of 
their disposition, the surface of the organ is thrown into rounded 
ridges (Fig. 30), which, during life, are rendered still more 
prominent by the irregular contraction of the muscle fibres. 
The fibres of the circular muscle layer resemble those of the 
longitudinal layer in structure and appearance ; the cytoplasm 
is even more homogeneous and clear (Fig. 32). Many of the 
fibres pass almost entirely around the spermathecal walls. 
They taper toward the ends and overlap one another, as shown 
in Figs. 29 and 32. 
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Excretory system, — The number of nephridia is reduced, as 
in Branchiobdella (Domer, Vejdovsky, etc), to two pairs. Of 
these, one pair is located symmetrically entirely within the 
eighth somite (may communicate with the seventh), opening 
to the exterior by small non-pulsating vesicles on the dorsal 
surface of the body between the eighth and ninth somites. In 
structure they are similar to the anterior ones (Fig. 34). 

The anterior pair alternate in position, one occupying the 
body cavity to the left of the alimentary canal in the second 
and third somites, and extending forward to the right side of 
the first ; the other lying mostly within the fourth somite, of 
which its most conspicuous portion occupies the right side. 
The cellular masses into which the nephridial tubules plunge 
(compare Domer) are darkly colored and conspicuous in the 
living animal, that belonging to the anterior nephridium being 
located on the left side of the third somite, that of the more 
posterior to the animal's right in the fourth somite. 

The somewhat complicated course of the tubules has not 
been fully unravelled in detail, so that the present account will 
be confined to the statement of a few clearly ascertained facts. 
The anterior pair of nephridia have a common external opening 
through a median vesicle on the dorsum of the third major 
annulus. This is formed from an invagination of the epi- 
dermis, which lines it, and a covering of muscle fibres (Fig. 33). 
An internal proliferation of its lining cells forms a nearly com- 
plete valve-like diaphragm, which divides the interior into an 
anterior larger compartment opening to the exterior by a pore, 
and a posterior smaller one which receives the terminal por- 
tions of the nephridial tubules, and communicates with the 
anterior through an opening in the diaphragm. The terminal 
portions of the tubules, which are of large size, pass from the 
vesicle transversely around the body, one to the right, the 
other to the left, between the two muscular layers ; and, enter- 
ing the body cavity close to its floor, diminish decidedly in 
diameter (Fig. 3 5), and then pass into a long tubule which is 
arranged in a complicated series of long loops, which pass over 
and around the intestine, and, in the case of the left nephrid- 
ium, reach far forward into th^ first somite, and, of the right 
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nephridium, extend transversely across the intestine, in contact 
with the anterior face of the septum 4-5. The tubules of this 
region are more or less enveloped by greatly enlarged peritoneal 
cells, which enwrap the groups of tubules, and become more 
or less fused with their fellows into a continuous protoplasmic 
mass, though many stand out freely from this mass, and, in 
the living worm, are swept backward and forward with currents 
of the coelomic fluid produced by the heart's pulsations, etc. 
Even in the mass of cells the boundaries are often perfectly 
evident, and the cells may even be widely separated (Figs. 36 
and 37). Their central protoplasm is arranged in a coarse net- 
work, the meshes of which become smaller, and finally almost 
indistinguishable at the periphery. The nuclei are large and 
distinctly nucleolated (Figs. 36 and 37). 

The tubules themselves, including the terminal portions 
quite to the point of union with the vesicle, are made up . of 
tubular cells joined end to end in a continuous chain, with a 
continuous central lumen. This lumen exhibits slight irregu- 
larities in diameter, and may wind more or less from side to 
side within the substance of the cell. Where two cells are 
joined the lumen almost invariably develops two, three, or four 
short caeca (Fig. 35), which sometimes reach almost to the 
surface of the cell, and may run together more or less to form 
an irregular chamber. Midway between two of these nodal 
points the nucleus may always be seen lying close to the 
lumen. At the point where the tubule leaves the body cavity 
a curious arrangement of the lumen exists. Here there is 
developed either an irregular chamber partly divided by columns 
or islands of protoplasm, or else, and more frequently, an ir- 
regular branching and looping of the lumen, one form of which 
is shown in Fig. 35. The walls of the living tubules of this 
region exhibit evident radial striations passing as dark lines 
from the lumen to the external surface of the cells (Fig. 35). 
Sections across the four tubules, the irregular windings of 
which make up the greater part of the terminal loops of the 
nephridia, especially at points where their approximation 
enables us to readily compare their appearance, show a slight 
difference in the structure of their cell walls. In the case of 
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one pair (the two limbs of a loop, Fig. 36, n)^ the protoplasm 
is more uniformly distributed, and the granules show a decided 
tendency to become arranged in lines radiating from the lumen, 
as seen also in living cells ; while the protoplasm of the remain- 
ing pair (forming another loop) is more or less reticulated and 
less deeply stained (Fig. 36). 

The system of simple tubules is partly concealed in the dark 
cellular mass mentioned above, where it becomes connected 
with a series of intra-cellular plexuses — not mere lateral 
branches of the main lumen, as Bourne has described in cer- 
tain leeches, but a regular series of actual interruptions of the 
simple lumen.^ The course of the tubules within this mass is 
very irregular and tortuous. Turning abruptly on itself at 
frequent and regular intervals, the tubule expands into irregu- 
larly rounded nodules of about three times the ordinary 
diameter. Within the highly granular protoplasm of these 
swellings the lumen breaks up into a complex system of ir- 
regularly branching and communicating canals, all of which 
converge at the opposite point of the nodule to empty into the 
next section of the simple tubule (Fig. 39), so that in this 
region there is a regular alternation of short lengths of simple 
ciliated canals and irregular plexuses of non-ciliate anastomising 
canals. The latter may be aptly compared to the communicat- 
ing passages which termites excavate in the trunks of trees ; 
but the capacity of the passages relatively to the amount of 
solid substance between and around them is less in the struc- 
ture here described. 

Nuclei are present both in the simple segments of the 
tubules and in the plexus cells (Figs. 38 and 39). Cilia are 
distributed throughout a considerable portion of the simple 
tubules, and in the simple canals connecting successive plexuses 
(Fig. 39) ; and are absent from plexus passages and in the ter- 
minal segment of the tubule (Fig. 35). No nephrostomes have 
yet been detected in this species ; but Fig. 40 represents one of 
B. philadelphicus, which has nephridia of similar structure. 

1 See also Eisen's paper on the remarkable nephro-plexuses of Deltania and 
Argilophilus which I have read since writing the above. Mem, Col, Acad, Set. 
Vol. II., No. 3. 1894. 
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DESCRIPTIONS OF FIGURES. 



Unless specially stated otherwise, ail drawings have been made upon camera 
ludda tracings. With the exception of Figs. 28 and 40, which represent parts of 
B. philadelphicus, all figures are drawn from preparations of B. illuminatus. 



Fig. I. A diagram of the general anatomy of Bdellodrilus illuminatus showing 
the principal organs, enlarged about eighty diameters. The entire vascular sys- 
tem is colored ; the principal trunks and the dorsal and ventral enlargements of 
the sinus being a darker, and the greater extent of the sinus a paler tint of the same 
color. The post-cephalic somites are numbered i to 1 1 ; the four annuli anterior 
to I constitute the head. 

Alimentary canal. pharynx ; or, oesophagus ; two of the stomachic enlarge- 
ment ; a, anus. In the seventh somite the intestine is hidden by the ovaries and 
maturing ova. 

Vascular system. heart; va the seven pairs of vascular arches, of 

which four are in the head, and one each in the ist, 7 th, and 9th post^:ephalic 
somites ; sn^ the supra-neural blood vessel ; /a, the anterior, and the poste- 
rior peri-enteric plexuses which terminate the sinus; j, sinus, the dorsal and ven- 
tral enlargements are indicated by their deeper color. 

Nervous system, x^, principal, and sg^^ the accessory supra-oesophageal gan- 
glion; cc^ the drcum oesophageal connective; cg'^'^ the three pairs of double 
ventral cephalic ganglia; the ganglia of the first eight post-cephalic somites; 
gn^ the posterior ganglionic mass. 

Reproductive organs. /' and testes, represented as they appear in the im- 
mature worm; vd'*' and vd*^ the anterior and posterior pairs of vasa deferentia; 

the male pore; hntt dm, the muscular walls of the copulatory bursa; ig, the 
bursal glands; sv, the glandular, and jv', the muscular sperm sac; /V, penis; Ov, 
ovary; OuOi, nearly mature ova; O smaller, but developing ova; 9 , female pore; 
sp, sp \ and sp ^ the undivided, the outer, and the inner divisions of the sperma- 
theca, respectively. 

General nv, the common vesicle of the anterior nephridia; nt, the terminal 
portion of the nephridial tubule of the right side; lateral glands, dorsal and 
ventral points of outlet shown for all, complete glands outlined in somites 2, 4, 
and 8, the last a divided one. 

Fig. 2. A transverse section of a portion of the epidermis from the dorsum of 
the 5th somite. Kleinenberg's haematoxylin. X 500. Cellular zone to the right, 
non-cellular to the left of the figure, cc, cuticle; s/, striated lamina; ec, groups of 
nucleated cells; sa, cleft or space in the protoplasm, d, d, dark column; cm, circu- 
lar muscle fibres; n, nucleus. 

Fig. 3. Tangential section through region of Fig. 2, lettering the same. X 500. 
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Fig. 4. Longitudinal section through a portion of the ditellum (dorsum of 
sixth somite). Alum cochineal. X 195. c, epidermal cells; ^, glands; /wf, 
longitudinal muscle fibres; cm^ circular muscle fibres. 

Fig. 5. Partial reconstruction, from camera drawings of successive longitudi- 
nal sections, of a median projection of the posterior end of the body. Alum 
cochineal. X 195. The body walls are shown in outline. ag, acetabular 
glands; </, ^, </, groups of ductules which are distributed in the hypodermis; g*, 
eighth ganglion; gn^ posterior ganglionic mass; «, terminal bundle of nerves; cc^ 
chloragogue cells; ect ciliated epithelium of intestine; bsy blood sinus; a, anus; 
va ^ terminal vascular arch. 

Fig. 6. Diagram of a lateral gland, shown as though partly cut open to exhibit 
internal structure. 

Fig. 7. Transverse section through the major annulus of the ist somite. 
Borax carmine. X 195. Ig, lateral glands; gv^ gv, ventral, and gd, gd, dorsal open- 
ings of ductules; ^, heart; vr, the internal chain of valve cells; or, oesophagus; 
ncj nerve cord; sn^ supra-neural blood vessel; g^ ganglion; ro, portion of fifth 
vascular arch; Im, longitudinal muscle fibres; hy, hypodermis. 

Fig. 8. Cross-sections of four forms of longitudinal muscle fibres. Haem. 
X500. 2d somite. 
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EXPLANATION OF PLATE XXIX. 



Fig. 9. A reconstruction, from camera drawings, of a median plane projection 
of the head, hy^ hypodermis ; og^ oral glands ; sg^ salivary (?) gland ; ag, adhesive 
gland ; dj^ dorsal, and vj^ ventral jaw ; dm^ dorsal, and vm, ventral muscular pads; 
dpm^ dorsal, and vpm^ ventral protractor muscles; drm (foremost index line) 
dorsal, and vrm, ventral retractor muscles ; /m, longitudinal muscle fibres; m, 
radial muscle fibres ; cm, circular muscle fibres ; ep, pharyngeal epithelium ; pc, 
cuticle of pharynx; sga, supracesophageal ganglion ; nc, ventral nerve cord ; 
first post<ephalic ganglion; dv, dorsal blood vessel; sv, supra-neural blood vessel. 

Fig. 10. Transverse section of the head in the region of the jaws. Kleinen- 
berg's haematoxylin. X 195. Lettering as in Fig. 9. ^, ^, pharyngeal glands. 

Fig. II. Transverse section through the middle region of the head of a larger 
individual than 9 and 10. Klein, haem. X 195. Lettering as in Figs. 9 and 10. 
d, d, groups of ductules passing from head glands to the lower lip; n» a radial 
muscle fibre with granular protoplasm and nucleus external. 

Fig. 12. A transverse section of the intestine in the 4th somite. Haem. 
X 195. cc, chloragogue cells; m, muscular coat; bs, blood sinus; vbs, ventral en- 
largement of the sinus; km, muscular walls of the beginning of the heart ; vc, valve 
cells; s, inter-cellular space; pp, peritoneal corpuscles. 

Fig. 13. Longitudinal section of a portion of the intestine along the dorsal en- 
largement of the sinus (6th somite). Alum coch. X 195. The sinus is filled with 
deeply-stained blood fluid. 

Fig. 14. Two transverse sections through the heart Haem. X 230. a is 
seven sections anterior to ^ in the same series, and is much more contracted, m, 
muscular walls; if, muscle nucleus; /», nucleus of peritoneal cell; vc, valve cells; 
bt their inter-cellular space. 

Fig. 15. A transverse section across a ventral portion of the intestine in the 
7th somite. Biondi-Ehrlich. X 500. ^, ciliated epithelium; /, blood sinus; «v, 
its ventral enlargement; m, muscular coat; /, peritoneum. 
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Fig. 1 6. Dorsal view of the ventral ganglia of the head, showing also the an- 
terior termination of the supra-neural blood vesseL X25a Reduced from a 
camera lucida drawing of a living specimen. 

Fig. 17. Dorsal aspect of the supra-oesophageal ganglion, and termination of 
the dorsal blood-vessel of the same specimen. X25a sgt principal, and sg\ 
accessory lobes of the ganglion; cc^ drcum-oesophageal commissure; va * and m', 
the 1st and 2d vascular arches. 

Fig. 18. Transverse section through the ventral nerve cord and ganglia of the 
8th somite. Biondi-Ehrlich. X 500. /», /n, lateral nerve trunks to body walls; 

ganglion cells ; g\ larger gang^on cells; m, muscular sheath of the nerve cord; 
sVf supra-neural blood vesseL 

Fig. 19. The entire atrium of a mature worm, removed from the body and ex- 
amined in afresh condition under slight pressure. X195. Camera ludda out- 
lines, but the histology is purely diagrammatic, and is introduced only to differen- 
tiate the various regions. A^ewed from the left side, vd^ and vd*t the anterior 
and posterior pairs of vasa deferentia; jv, glandular spermatic vesicle; sv\ mus- 
cular spermatic vesicle; /m, longitudinal, and cm^ circular muscle coats of the 
penis sheath and copulatory bursa; jx, sub-epithelial space; //, penis; bursal 
glands ; e, lining epithelium of bursa. 

Fig. 20. The same seen from in front; the i^dular sperm sac is displaced. 
Lettering as before. 

Fig. 21. Transverse section of a vas deferens, showing the muscle cells and 
lining epithelium. Haem. X 840. 

Fig. 22. Transverse section across the glandular sperm sac Osmic add and 
alum cochineal X 500. 

Fig. 23. Section through the point of union of the glandular and muscular 
sperm sacs, showing the abrupt change in the character of the epithelium, and the 
termination of the circular musde coat. The section cuts the muscular sac trans- 
versely and near the side; and the glandular sac longitudinally and almost through 
its axis, gtf glandular epithelium; e, non-glandular epithelium; m, muscular coat; 
/, peritoneum. 

Fig. 24. Vertical transverse section of the copulatory bursa, through the 
glands. The penis is abnormally retracted. Borax carmine. X 500. g, g, bursal 
glands; ^, epithelium; /m, /m, longitudinal musde coat; tm^ circular musdes; 
pe^ penis. 
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Fig. 25. Terminal portion of one of the anterior pair of vasa deferentia, from 
a preparation of the fresh material. X 50a m/, m/, limit of muscular layer, be- 
yond which point are seen epithelial cells only; mh, nuclei of masde fibres; 
/i lumen. 

Fig. 26. Oblique section across the upper part of the copulatory bursa, ap- 
proximately through the plane indicated by a, a in Fig. 19, and ^, ^ in Fig. 20, 
from a preparation stained in Kleinenberg's haematoxylin. X500. The right 
side of the figure reproduces the camera tracings unchanged, the left attempts to- 
depict the appearance of the section, /m, longitudinal, and tm^ circular muscle 
coats ; be^ epithelial lining of bursa, passing into the glands at two opposite points ; 
/V, outer coat of the projecting end of the retracted penis (Po is made up of epithe- 
lium, circular, and longitudinal muscle fibres just above the plane of the section, 
but these were obscure in the specimen figured) ; j/j, sub-epithelial space ; Pi^ cir- 
cular muscles of the beginning invagination which forms the penis proper; /V, 
penis epithelium; Ply lumen. 

Fig. 27. Small anterior portion of a longitudinal section through the ovary 
of a mature individual. Stained in Biondi-Ehrlich. X500. 5*6-7, muscular septa 



Fig. 28. Portion of a transverse section through the 7th somite of B. phih&del- 
phicus, showing the entire length of the left ovipore. Klein, haem. X 500. a 
mature ovum; », its nucleus; oe^ epithelium of ovipore passing into the perito- 
neum ; n», circular muscle fibre, between two of which the external opening is situ- 
ated ; ItHy longitudinal muscles ; cg^ ditellar glands. 

Fig. 29. Reconstruction (from camera tracings of a series of transverse sec- 
tions) of a spermatheca, seen from behind. Klein, haem. X 195. ep^ external 
opening lined by colunmar epithelium ; gl^ posterior one of the pair of glands ; 
f/m, external layer of (longitudinal) muscle fibres, present on proximal portion 
only; #, inner, and outer limb; Im^ longitudinal muscles of body walls; nerve 
cord. 

Fig. 30. Transverse sections of the inner limb of a spermatheca near its blind 
end. The muscle fibres are here cut obliquely or transversely, owing to their 
spiral disposition. The appearance of the inner and outer zones in the epithelial 
cells is shown, and the several nucleoli and indications of an intra-nudear net- 
work. Haem. X 840. 

Fig. 31. Omitted. 
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Fig. 32. Surface view of a portion of the circular muscle coat (the longitudi- 
nal muscle fibres are supposed to have been removed, with the exception of one on 
each side) of the undivided region of the spennatheca. Haem. X 840. 

Fig. 33. Longitudinal section of the anterior nephridial vesicle. Borax car- 
mine. X 500. the posterior chamber, which would be in communication with 
the anterior chamber in a section exactly through the median line; st, muscular 
coat, chiefly of circular fibres. 

Fig. 34. Terminal portion, with external pore, of posterior nephridium ; m face 
and in profile. Free-hand sketch from a living specimen. X about 275. 

Fig. 35. Portion of terminal segment of tubule of the anterior right nephrid- 
ium, at the point where it passes from the body cavity into the inter-muscular 
space. Sketch from a living worm. X about 350. The position of the nuclei 
midway between the lateral caeca of the lumen, the radial striation of a portion of 
the tubule, the considerable enlargement in size, and the peculiar looping of the 
lumen are shown. 

Fig. 36. Transverse section across a portion of the anterior loop of the ante- 
rior left nephridium, showing four tubules and their investment of enlarged peri- 
toneal ceUs. The two tubules ir, n have a more dense and radially striated pro- 
toplasm than the other pair, which show a reticulate arrangement a peritoneal 
corpusde. Klein, haem. X 50a 

Fig. 37. Oblique section through a single tubule, from the same preparation. 
X5oa 

Fig. 38. Transverse section of a nephridial nodule from the same preparation. 
X 500. Showing the intra-cellular plexus, and densely granular protoplasm. The 
two nuclei are located near the enlarged ends of two simple lumens, where they 
join the plexus. At these points the protoplasm shows radial markings. 

Fig. 39. Optical section of three nephridial nodules, with the connecting sec- 
tions of the simple tubule. Drawn with the aid of a camera lucida from a living 
specimen. The arrangement of the dlia is purely diagrammatic, and a few of the 
branches of the plexus were added to the camera tracing. The protoplasm and 
nuclei have, as nearly as could be copied, the appearance shown. X 500. From 
the anterior right nephridium. < a short section of one of the loops of a simple 
tubule. 

Fig. 40. Nephrostome of B. philadelphicus, drawn from a half-grown living 
specimen under pressure. X 840. m, muscle fibres, to which the nephrostome 
was attached. 
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THE LEECHES OF THE U. S. NATIONAL MUSEUM. 



By J. Percy Moore, 

Instrttetor in Zoology, University of Pennsylvania, 

brongh the coartesy of the carators the collection of leeches con- 
led in the U. S. National Maseam has been placed in my hands for 
ly and determination. Though small, and mnch of it poorly pre- 
red, the collection has proved an interesting one. None of the forms 
previoasly been identified ; several have been found to be nnde* 
bed, several others have been mentioned in the literature but once 
wice, and many are here recorded from new localities more or less 
ote irom those previously known. The material has been drawn 
a various parts of the world, but it is to be regretted that our own 
erican leeches are so poorly represented. Our fauna is a rich one, 
is, x>^rhaps, well known to but one person, who has as yet shared 
little of his knowledge with the scientific public. We are still in 
rly complete ignorance of the number and distribution of the species, 
many interesting morphological questions remain to be elucidated, 
one attempt has been made to systematize our knowledge — that of 
f. A. B. Verrill twenty-five years ago — and that upon very inade- 
te material from comparatively few localities. It is to be hoped 
; a greater interest will be taken in making well-preserved coUec- 
8, and that our National Museum will soon have gathered together 
mplete series, not alone of leeches, but of annelids generally and 
»r worms as well. 

[lis is x>erhaps not the most suitable occasion to enter upon a dis- 
don of any of the broader or more theoretical problems of morphol- 
upon which the collection throws light. There is, however, one 
ter of especial interest to the systematic student to which some 
rence may profitably be made. I refer to the annulation of the 
ite. My observations on this subject accord perfectly with the 
TB expressed by Whitman (6 and 6) and later by Lang (4) and 
achard for the Glossiphonidse, Hirudinidse, and Herpobdellid^e, and 
1 pleased to be able to extend them to the Ichthyobdellidse also, 
Bh has, I believe, not previously been done. Apathy (1), who has 
ie the most important recent contributions to the external morphol- 
of the latter family, takes a precisely opposite view to that of 

PROCEEDINQ8 U. S. NATIONAL MUSEUM, VOL. XXI— NO. 1 1 60. 



544 



proceedincmS of the national museum. 



Whitman. He regards the multi-annalate somite as primiti\ 
view here supported is that the primitive typical leech som 
sisted of three annali. These primary annali can readily be rec 
in all families and most species of leeches which I have ex 
When the primitive tri-annalate character of the somite is 1 
may take place by (a) redaction, which has occurred as a i 
coalescence of the primary rings at the anterior and i>08terioi 
nearly all leeches and in the genital regions of some, or (b) by 
tion, which has taken place in the somites of the middle bodj 
especially of the Gnatkobdellidfe, HerpobdellidaB, and Ichthyol 
The increase in the number of annuli by which this elaboi 
expressed externally seldom if ever occurs by the actual inter 
of new rings, but only by the growth and lesser or greater sul 
of the three primary rings. This subdivision seems to follow 9 
law, which is that any number or all of the primary rings may 
secondarily bi-annulate, the secondary annuli similarly hit 
and the tertiary again divided for the fourth time, and j 
of these subdivisions may be in various degrees partial or o 
and may aifect one or more annuli of any order. The theoreti 
pleteness of the process is expressed in the following table, wl 
presents a system of nomenclature for the maximum i>ossible ni 
annuli of each order, up to the fourth, of a complete somite, i 
the structure of a typical somite of any genus to be express 
simple formula. 

Table of annulations. 




I give a few illustrations of the application of the system. 
clepsine and many other Glossiphonidae have a simple tri-annuli 
ite al + a2 + aS. Many of the larger species of Olossiphonia 
slight subdivision of the second and third primary annuli, w 
comes strongly expressed in Hcementariaj al + a2 (ft3 &4) + 
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lie HirudiuidiJB generally this teudeucy is complete, and the five 
li resulting are practically equivalent so far as size, etc., is con- 
id, al + &3 + M + fc5 + 56 or al + &3-6. Trachellobdella has all 
) of the primary annuli subdivided, thns : 51 + &2 + 53 + 54 + 55 + 
more simply 51-6. But in some of the species the divisions are 
aplete, while in others those of the third order have set in, facts 
1 may be expressed by the use of brackets, as shown above for 
entaria. In Dina the third actual (fourth secondary) annulus is 
led and distinctly bi-annulate, expressible thus: al 4-53 + 54 (c7 
55 + 56. The greatest complexity is found among the Ichthyob- 
Ise, of which Cystobranchus has the six secondary annuli, the third 
metimes the fourth being subdivided. 51 + 52 + c5 + cG + 54 + 
S or 51-2 + c5-6 + 54-^. Piscicola varies somewhat, but the most 
ent arrangement is that in which the full number of annuli of the 
order is developed, and two of these, namely, c5 and c8, are divided 
innuli of the fourth order, making in all fourteen annuli, expressed 
e formula cl-4 + d9 + dlO+ e(j + c7 + di5 + dl6 + c9-12. In some 
js the fourteen annuli become perfectly equivalent in size and the 
of their formation obscure. No cases are known in which the 
I twenty-four of the possible annuli of the fourth order are devel- 
or in which annuli of the fifth order are more than very slightly 
ited. 

'tial or complete unions of adjacent annuli of neighboring somites 
ently occur, and possibly entire somites may be absorbed, or 
ations of new ones formed in the prostomial region. All of 
conditions can be expressed in the formula, which could also 
apted to indicate whether any given condition has arisen by sim- 
ition or elaboration. The desirability of some more exact method 
iuing the annulation of the Ichthyobdellida*. must be obvious to 
le who Las noted the great confusion which reigns in this group 
the number of annuli of each somite, and the scope of the genera, 
ent authors have each usually attended to but one of the several 
J of division of the somite, and thus we have Piscicola {Ichthyob- 
described with seven, twelve, or fourteen rings, each of which 
sses a part of the truth. 

combining the somite formula with the Eoman numerals by 
the individual somites are indicated, we can describe any annu- 
jsired with the greatest precision. As to the order of the elab- 
n of the annuli in the Ichthyobdellida? I have little light, except 
he process begins in the middle primary annulus, and there also 
ids the farthest. There are good physiological and mechanical 
18 for this; but I hope soon to have sufficient data for a fuller dis- 
►n of the external morphology of this family. This preliminary 
at is presented here in the hope that students of the Hirudinea 
ind this scheme of suflBcient value to test and perfect it. The 
natic portion of the paper follows. 
Proc. M. vol. xxi 35 
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Family GLOSSIPHONIDaE. 
PROTOCLEPSINE, new genus. 

This genas exhibits primitive external characters in the retention oi 
the fall number (3) of annuli in all of the anterior somites, and in the 
elevation of the eyes upon papillie which stand in serial relation to the 
dorsal median segmental papilhe of the succeeding somites. The sex- 
ual pores occupy the usual positions in somites X and XI. 

The type species has three pairs of eyes situated on somites I, II, 
and III; and the posterior somites XXII to XXVI are reduced. 

I. PROTOCLEPSINE SEXOCULATA, new species. 
(Plate XL, fig. 1.) 

Unfortunately there is but a single much contracted specimen of thii 
interesting species. The prostomium is curled ventralward and ttii 
specimen is probably immature, so that the following measnrementi 
have a relative value only: 



Length 5. 

Greatest width (XlXth somite) 2. 

Depth at somite XIX 1. 

Width at genital region 2.2-2. 

Depth at genital region About 1 

Diameter of acetabulum L 



In its contracted condition the body is truncated at both ends, tfa 
prostomium being curled under at the anterior end (corrected in th 
drawing, fig. 1), and the acetabulum drawn closely up at the posteric 
end. Consequently the body appears almost quadrate, with its greatei 
width far back. It is strongly convex above and slightly concav 
below. The acetabulum is large and circular, with thickened mai 
gins. The anterior sucker is wide, with thickened crenulated margini 
formed posteriorly by annulus 5; its interior and the mouth opeuiD 
are hidden by the infolded prostomium. A deep median and three paii 
of small lateral sulci divide the fiee margin of the prostomium inl 
eight lobes, of which the four middle ones bear as many small papilb 
Dorsally it consists of a larger anterior and a smaller posterior annula 

The somites I to XXI, inclusive, are complete, each consistiDg i 
three annuli; XXIi and XXIII are biannulate; XXIV and XX' 
biannulate at the margins and undivided mesially; and XXVI consist 
of a single annulus. On each side of the middle line are three series < 
dorsal and four series of ventral papilhe, situated on the first annate 
of each somite on which alone papilUe are evident. Of the dorsal serii 
the innermost are widely separated, leaving a broad median area; tl 
outermost are supra-marginal, and the remaining series halfws 
between these. All of the papillae are smooth and rather inconspio 
ous. On the first, fourth and seventh rings behind the prostomim 
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[)apil]ae of the innermost dorsal series are transformed into deeply 
lented eyes, bat still retain their character as papilla;, being quite 
evated as the succeeding members of the series, with which they 
inuein perfect serial relation of position. Were any further evi- 
e required to demonstrate Whitman's view of the homology of the 
and segmental papillae of leeches, this species would supply it. 
ali one and four lack the marginal but retain the intermediate 
ll<T. The former begin on annulus seven and continue to somite 
r. The intermediate series ceases at somite XXIII, while the 
*iD08t continues to the post-anal annulus. 

e ventral papillae begin on annulus seven, which is united with 
They are a marginal, a mesial ventral, and two intermediate on 
side. The most mesial pair are widely separated and about oppo- 
io the mesial dorsal series. All are small, and in this specimen 
>e detected with certainty on only a portion of the somites, 
e individual described is probably immature, as the genital pores, 
ugh not difficult to detect, are very small, and their lips not 
en or glandular. The male pore is situated between annuli twenty- 
md thirty and the female between thirty-one and thirty two. The 
is probably much changed in preservation, being a nearly uniform 
ce brown. The eyes are black. Nothing is known of the internal 
)my. 

pe.— No. 4320, XJ.S.N.M. Bering Island, Commander Islands, Sibe- 
Leonhard Stejneger, August 5, 1882, No. 1405. One specimen. 



epsine mollisaima Grube. 

ia species was described by Grube (3) from specimens collected at 
Baikal, Siberia. The following notes will serve to supplement 
e's description. The first pair of eyes are very small, deeply set, 
ometimes united to the second pair. They appear to be undergo- 
legeneration and absorption. The annulation of the first four 
es is shown in the following table: 



GLOSSIPHONIA Johnson. 



2. GLOSSIPHONIA MOLLISSIMA. 



(Plate XL, fig. 2.) 



Annulation of somites of Glossiphonia mollissima. 



Somite. 



Organ. 



I. 



Ill 



IV 




First pair of eyea. 

Second pair of e3 es. 
Third pair of eyes. 
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The prostoiTiiuni consists of a single partial ring. The united third 
and foarth rings form the posterior margin of the anterior sucker. 
Somites III to XXII are complete, XXIII consists of annuli sixty-three 
and sixty-four, XXIV of sixty-five, which is double at the margins, 
XXV of sixty-six and XXVI of sixty-seven, behind which is the anas. 
The male pore is placed at Xa§, or between the annuli twenty-five and 
twenty-six ; the female at Xlri^, or between twenty-seven and twenty- 
eight. 

Character is given to the papillation by the great development of 
the dorsal median series, the papillae of which are very large^ and in 
some specimens the only ones distinctly developed. They become con- 
spicuous on aiinulus fifteen, and are found on the first anuulus of 
every complete somite thereafter, and on the annuli sixty-three, sixty- 
five, sixty-six, and sixty seven. In the best preserved material they 
may be traced as far forward as annulus six. The mates are s<sparated 
at the middle line by about one-fourth of the width of the body. The 
dorsal inner-lateral papilla) are also well marked on most specimens, 
and are found on the eye-bearing annuli, as well as on all those bear- 
ing the dorsal median ones. The outer lateral papillse have become 
reduced to almost total suppression and were unnoticed by Orube. 
Very minute members of this series may usually be found on the 
eye-bearing and several succeeding papilliferous annuli. Besides the 
serial papillae, very minute variable ones are found on the dorsum of 
all of the annuli. There are 10 or 12 small papillae on the ventral 
surface of the first ring of each somite. 

On the accompanying label Dr. Stejneger gives the following descrip- 
tion of the colors of this species during life: 

Olive green, margins more brownish, two series of large whitish knobs along the 
back, and several smaller and less couspicnous spot« between these and the margins. 
Along the back a regular system of narrow brownish longitudinal stripes. 

This species closely resembles the Clepsine elegans of Verrill, from 
which it may be distinguished by the much larger dorsal median 
papilla). 

No. 4259, U.S.N.M. Bering Island, Commander Islands, Leonhard 
Stejneger. 18S2-iS3. Twenty- two specimens. 



Hirudo parasitica Say. 

Clepsine ornata Verhill (in part). 

1 have not yet acquired sufficient material to satisfy myself of the 
status of Verrill's species of Clepsine; but it is certain that both C. 
ornata and 0. papillata are composite and in part synonymous. The 
types should be again studied and compared. I think that the forms 
here included can safely be regarded as cospecific with those forming 
the basis of Verrill's original description of Clepsine amataj and their 
identity with Say's species was established by the examination of the 
supposed types in the collection of the Philadelphia Academy of 



3. GLOSSIPHONIA PARASITICA. 
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Kataral Sciences. The followiDg examples are included in tbe U. S. 
National Maseam collection. 

Na 5025, U.S.N.M. Vicinity of Fort Huachuca, Arizona. Dr. T. B. 
Wilcox, U. S. A. Five specimens. 

No. 4025, U.S.N.M. Currant Kiver,' Shannon County, Missouri. E. 
Ellsworth. One specimen. 

No. 5026, U.S.N.M. Pine Bidge Agency, South Dakota. Dr. Leon- 
bard Stejneger, 1894. One specimen. 

No. 823, U.S.N.M. North Eed River, British America. R. Kenni- 
cott One specimen. 

No. 4694, U.S.N.M. Wheatland, Indiana. On Ghelydra serpentaria. 
Fourteen specimens. - 

No. 4602, U.S.N.M. Keel-Foot Lake, Obion County, Tennessee (from 
a small creek emptying into Lake near Idlewild Hotel), May 30, 1882. 
B. Palmer. One specimen, very badly dried up and shrunken, but 
apparently a large example of this species. 

No. 5027, U.S.N.M., 50 miles from Bluefields, Nicaragua. 0. W. 
Bichmond. On turtle. Five specimens. 



Clepsine papillata Vkrrill rar. lineata. 

In many respects this species resembles 0. triserialis B. Blanchard, 
but differs from this and resembles G. hridgei O. F. Miiller in the 
position of the genital pores, which are separated by but one annulus. 
The external male orifice is situated at (f J), the female at XI aj, 
(If), the latter being the usual position. The white patches which 
flank the black papillse appear to be more conspicuously developed in 
the Mexican BX)ecimens, making this a very beautiful species. 

No. 4101, U.S.N.M. D'eau douce de la Canada de Marfil, Mexico. 
Prof. A. Duges, February 8, 1882. Nineteen adult and numerous young 
specimens. 



Hirudo stagnalia Linnaeus. 
Clepsine modesta Verrill. 

This species is very common and widely distributed over the United 
States. No characters have been found which serve to distinguish it 
from the well-known European form. 

No. 1038, U.S.N.M. Woods Hole, Massachusetts, September 1 0, 1883. 
William Nye, jr. j fresh- water ponds. Six specimens. 

No. 808, U.S.N.M. Woods Hole, Massachusetts, September 24, 1883. 
William Nye, jr.; fresh- water poud. Many specimens. 



4. GLOSSIPHONIA LINEATA. 



5. GLOSSIPHONIA STAGNALIS. 
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PLACOBDELLA R. Blanchard. 



6. PLACOBDELLA MEXICANA, new species. 



(Plate XL, fig. 3.) 



This species is close to Placobdella plana (Whitman) B. Blanchaid, 
bat the annulation differs in several respects. The body is broad and 
depressed, and rather ovoid in oatline. The largest specimen measares 
14.7 mm. in length and 6 mm. in breadth at the widest part. The ace- 
tabulum is small and weak, and about 2.5 mm. in diameter. 

The prostomiam is undivided. It is followed by a rather wide ring, 
which bears the single pair of eyes on its posterior part, and the first 
pair of dorso-inner-lateral papillae on its anterior part. A plain nar- 
row ring follows, then a broad doable one bearing the second pair of 
dorso-inner-lateral papillae on its anterior half. A narrow ring com- 
pletes with this doable one somite III. Somite IV is in one specimen 
similarly constituted of a broad double ring and a narrow one; in the 
others it is constructed like the following somites of three rings, the 
first of which bears papillae. Somite XXII is the last complete one; 
XXIII has two annuli, XXIV a single annulus, double at the margin, 
and XXV and XXVI each a single papillate annulus. The male pore 
is situated between the twenty-fourth and twenty-fifth, the female pore 
between the twenty-sixth and twenty-seventh, and the anus between 
the sixty- sixth and sixty-seventh annuli. 

The dorso-median and dorso inner-lateral papillae are large and con- 
spicuous, but low, smooth, and rounded. The former begin on annnlns 
eight (somite V) and continue with the latter to somite XXVI. The 
outer lateral are small; they begin on annulus eleven, the first of somite 
VI, and continue to annulus fifty-nine (somite XXII). The second 
annulus also of each somite of the middle region of the body bears 
six series of small papillae which lie mesiad to the corresponding ones 
of the first annulus. 

The color of the alcoholic specimens is a rich chocolate browu blotched 
with lighter and darker brown, a branched figure of the latter color 
corresponding very closely with the branches of the intestine, and the 
pale spots in general with the papillae. A median white line appears 
at the anterior and posterior ends of the body. Beginning anteriorly 
in a triangular area which includes the eyes, it is more or less inter- 
rupted and broken at the first annulus of each somite to the seventh, 
where the band fades out. On the second annulus of each of these som- 
ites the pale area runs out laterad in transverse bars, which on V reach 
nearly to the margins of the body. At the posterior end a similar nar- 
row pale area extends forward from the anus to somite XXI. Marginal : 
white spots occur metamerically on each somite. The posterior sucker | 
is marked with alternating rays of brown and white, the latter being | 
confined mainly to the marginal half. j 

Ty2)t>f.—:^o. 5028, U.S.N.M. Mexico; P. G. Jouy; No. 384. Three 
specimens. 
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H^MENTARIA De Filippi. 
7. H^MENTARIA OFFICINALIS Dc FUippi. 

1478, U.S.N.M. Guanajuato, Mexico; Prof. A. Dug(?s. Two 
mens. 

Family ICHTHYOBDBLLIDJi:. 
TRACHELOBDELLA Diesing. 
8. TRACHELOBDELLA VIVIDUS. 

(Plate XL, fig. 4.) 
^sioh'anchus tividas VRRiiiLL. 

is species be^irs a strikiug resemblance to a Cystohranchu^^ but tbe 
iation and the position of the sexual pores are characteristically 
recently .attributed by Blanchard to Trachelohdella. 
3 two regions of the body are sharply distinguished. The anterior, 

I contains the first eleven somites, is somewhat sunken into and 
iced by the first somite of the posterior region. Somites IX, X, 

II are narrowed to form the clitellum, in front of which the body 
jhtly expanded laterally. The anterior region includes twenty 
ct primary annuli posterior to the expanded "head,'' which latter, 
the first five annuli, constitute five somites. Somite VI is com- 

of three primary annuli, each of which is clearly biannulate. 
e YII is as large as the eight preceding annuli. Each of the pri- 
annuli is divided into two and these again lialved dorsally, so that 
e annuli of the third order may be counted on the dorsal side, 
liddle primary anuulus (a 2) of this somite is large, and its two 
lary annuli (b 3 and 4) have almost the value of the adjacent 
,ry annuli. Somite VIII is similarly annulated, but shorter. The 
IX, X, and XI are the clitellar somites and are each reduced to 
rimary annuli, which, with the exception of the last, are obscurely 
ulate. The male pore is located on the anterior margin of somite 
between this and the preceding annulus (16). On the ventral 
nnuli sixteen and seventeen are much enlarged and partly fused 
[fteen and eighteen, respectively. The female pore is between the 
ieuth and nineteenth annuli, having the same relation to somite 

the male pore has to X. The twentieth annulus is obscure, being 
1 with and retracted within somite XI. 

i posterior body region is broad and depressed, the transverse and 
al diameters being about as two to one. The constriction shown 
i figure in the posterior third of the body is probably the result of 
[^ident of preservation. The somites of this region are charac- 
i by the six secondary annuli, those of the sec^ond primary 
as (a 2) being largest and on the dorsal side again divided into 
jrtiary annuli, thus: 1-2+ c? 5-6-7-8 4- i> 5-6. This latter char- 
is lost in the posterior somites. Somite XXII is the last complete 
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one, behiud wbich there are four additional obscurely biannulate pre- 
anal aunuli. 

There are eleven pairs of well-developed lateral vesicles, which 
diminish in size each way from the sixth. Behind the eleventh pair 
are two pairs of rudimentary vesicles, indicated by opaqne whitish 
lateral thickenings of the rings. The well-developed vesicles occupy 
the sides of & 1 and 6 2 of their somites, except the first, which 
extends onto the last ring of somite XL There are indications of anna- 
lation of the anterior sucker, but too obscure in this specimen to be 
described. 

No. 242,U.S.N.M. Woods Hole, Massachusetts; V. N. Edwards. 
One specimen. 



The two body regions are well marked, the anterior slender and 
terete, the posterior broad, flattened, and raquet shaped. The posterior 
sucker is small, little if at all directed ventralward, and is contracted 
to a slit-like opening. 

There are thirteen pairs of respiratory vesicles, with a posterior rudi- 
mentary fourteenth. The anterior ones are indistinct and the largest 
(the ninth and tenth pairs) at the widest part of the body. This region 
is concave below and convex above from side to side. The anterior 
region is somewhat retracted within the posterior. The head (in the 
contracted specimen) is scarcely expanded, and its margin only slightly 
oblique. Its free margin tends to fold into four lobes, dorsal, ventral 
and two lateral. 

As in most other species of the genus, the annulation of the anterior 
region is irregular and diflBcult of interpretation. In this specimen the 
difficulty is increased owing to the integument being gathered up at 
several spots, as it were, into loose tufts, which disturb the arrangement 
of tbe annuli. Atter a careful study I have fixed on the interpretation 
shown in tbe figure; but this needs to be confirmed by a study of more 
and better material. The cliteilar region is sufficiently distinct. Six 
annulations are observable on the dorsal side of the head. Then follow 
two narrow rings in the constriction behind the head. Behind these 
follow, apparently, four complete somites (V to VIII) of three rings 
each, of which the first corresponds closely to the transverse bands of 
orange, the second and third to the ashy spots described below. The 
primary rings of somite VIII, as here provisionally identified, are sub- 
divided into six secondary rings. The clitellum consists of the two 
primary partly orange-colored rings of somite IX, the two primary 
(divided into four secondary) uncolored rings of somite X, and the 
similarly constituted somite XI, of which the last ring is united with 
the first of somite XII. The male pore is between the two secondary 
rings of annulus seventeen (the first of somite X), and the female pore 



9. TRACHELOBDELLA MACULATA, new species. 



(PlaleXL, fig. 6.) 
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between the two secondary rings of annalas nineteen (the first of somite 
XI). They are conseqnently separated by four small secondary annuli. 

The somites of the posterior region are hexamerous, but the three 
primary annuli are easily recognized; and the first and second of each 
somite, except XII, are undivided at the margins, where they are occu- 
pied by the paired respiratory vesicles. The vesicles, as in the species 
to be described next, ext(»nd over the first and second primary rings of 
each somite, though in many cases the second is only partly occupied. 
Anteriorly the vesicles are collapsed and, except for their color, indis- 
tinct, but posteriorly they become much more prominent. Traces of a 
rudimentary fourteenth pair are found just anterior to the anus. 

The color pattern of this species is interesting, and has probably 
been derived from the breaking up and partial shifting of an annular 
pattern, which still persists to some extent in the anterior region. The 
general color above is a rich bright orange anteriorly, becoming faded 
^ to a pale yellow posteriorly, where it extends over much of the ventral 
surface also. The ventral surface of the anterior region, the greater 
part of the clitellum, and the head are of a pale ashy color, which spots 
the dorsal surface also. These ashy si)ots show a distinct tendency to 
become arranged in three longitudinal rows on the posterior region. 
Tbey are mostly large and of irregular shapes, and very nearly corre- 
spond to the somites, but those of the middle series have shifted more 
or less toward the posterior end and sometimes become confluent with 
neighboring blotches. All are edged by a very narrow border of red- 
dish brown. A few similar irregular blotches are seen on the ventral 
surface. A small orange patch surrounds the male pore, and there is a 
similar one on eaeh side of the clitellum. On each side of the dorsal 
surface of the head is a large bright orange spot, leaving a median ashy 
area. In the figure the orange-colored parts are stippled, the ashy 
plain. The hexamerous structure of the posterior somites is represented 
only in XIX and XX, but the others are similar. 

The single specimen measures: 



Type. — No. 1314, U.S.N.M. Steamer Albatross. Locality unknown. 



The adult specimens of this species have the broad depressed form 
shown in the figure: a young individual is terete, with the vesicles 
appended to the sides of the body, and connected by a broad lateral 
cutaneous fold lodging the marginal sinus, by the metameric enlarge- 



I 




mm. 



Length 

Greatest breadth 

Length of anterior region 

Breadth at male pore 

Breadth of anterior sucker 

Diameter of posterior sncker 

Depth of posterior region of body 



13.5 
4.2 
3 

.9 

1 



1.5 
1 



lo. TRACHELOBDELLA RUGOSA, new species. 



(Plate XL, fig. 5.) 



Digiti; 
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Family HIRUDINID^. 



HAEMOPIS SAVIGNY. 



24. HAEMOPIS MARMORATIS. 



ffirudo marmorala Say. 
Not Nephelis mannorata Vkrrill. 
AulasUmum lacjistre Lkidy. 
Semiscolex grandis Vekrill. 

This determiDation was made by the examination of what are proba- 
bly Say's types, recently discovered in the collection of the Philadelphia 
Academy. Say's species ditters from H. sanguisuga Linuaeas chiefly 
in the constitution of somite VI, which in the latter species has, accord- 
ing to Whitman's figure (7), the three annuli of equal size and without 
indication of subdivision. R. marmoraiisj on the other hand, has the 
second and third annuli (twelve and thirteen of the entire series) much 
wider than the first, and each completely divided into two by a distinct 
sulcus. The genital pores vary slightly in position, as indicated by 
the conflicting descriptions of Leidy and Verrill. The male imre is 
usually situated at the anterior border of annulus thirty-one and the 
female in thirty- six. 

No. 5033, U.S.N.M. Yellowstone Park ; G. Hart Merriam ; Hayden's 
expedition, 1872. Eleven specinens. 

No. 670, U.8.N.M. Havre de Grace; Milner, 1877. Three speci- 
mens. This is var. trigris Verrill. 

No. 5034, U.S.N.M. Marsh, Leavenworth County, Kansas; Otsen 
Pattee. One specimen. 

No. 4498, U.S.N.M. Bristol Bay, Alaska; 0. L. McRay, September 
27, 1883. One specimen. 



Birudo lateralis Say. 
Semiscolejr terrestris Forbes. 

The type of Say's species was recently discovered in the collection of 
the Philadelphia Academy. 

The sixth somite of H. lateralis consists of five annuli; the sexral 
pores are consequently two annuli further back than in H. martnoratut. 
Say's specimens were all aquatic, Forbes's all terrestrial. 



No. 4102, U.S.N.M. Olney, Illinois; July, 1885; J. and 0. Walker. 
One specimen. 

No. 625, U.S.N.M. Keelfoot Lake (small creek), near Idlewild 
Hotel, Obion County, Tennessee; Ed. Palmer; 1882. One specimeD. 



26. LIMNOBDELLA MEXICANA R. Blanchard. 

No. 202, U.S.N.M. Quanajuata, Mexico; Prof. A. Dug^s. Three 
specimens. 



25. HAEMOPIS LATERALIS. 



LIMNOBDELLA R. Blanchard. 
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MACROBDELLA Verrill. 
Not Macrobdella Philippi. 
Verrill's use of Macrobdella seems to have priority, his paper having 
been published in February, 1872, while Philippi's was not published 
until October of that year. 

27. MACROBDELLA DECORA (Say) Verrill. 

Hirudo decora Say. 
Hirudo decora Leidy. 

No. 4599, U.S.N.M. Wytheville, Virginia; Col. M. McDonald, 17. S. 
Fish Commission. Two specimens. 

No. 4503, U.S.N.M. Fulton Lakes, Adirondacks; Fred. Mather, July 
2, 1882. Thirteen specimens. 

PHILOBDELLA Verrill. 

Verrill established Philobdella as a subgenus of Macrobdella, though 
he inclined to raise it to the rank of a full genus, which is undoubt- 
edly its proper systematic value. The most remarkable character of 
the genus is that the ducts of both male and female organs open exter- 
nally within the limits of somite XI. The sexual adhesive organs are 
arranged around these pores. 

28. PHILOBDELLA FLORIDANA VcrriU. 

The chief, points in the annulation of this species are shown in the 
following table : 



Soiuites. 



I ... 
II 

Ill . 
IV.. 



Annulation of Philobdella fioridana. 

I Organs. 



Annuli. 
Frottomium. 



I 



!%i united ventrally. 
Tjunited ventrally. 



VI. 



lit 



VII I 14 to 18 

VIII to X , 19 to 33 



First ^ir of eyes. 
Secona pair of eyes. 
Third pair of eyes. 

Fourth pair of eyes. 
Fifth pair of eyes. 



XI. 



XU to XXII . 



First pair nephridiopores on ]M)8te- I 
rior marzin of 1.1. | 
Second pair nephridiopores on pun- 1 

terior margin of 18. 
Third to fifth pairs of nephridioiiores 
, on 23, 28, and 33. 

''A Male pore on 34. 

33 I 
36 

37 1 Female pore on 37. 

38 1 Sixth pair of nephridiopores on 38, | 

39 to 93 Seventh to seventeenth and laHt pair 

of nephridiopores on 43 to 93. 



XXIIl 

XXIV. 
XXV... 



XXVI 

Not defined ex- 
ternally. 



( 94 
I 95 
I 96 



97 
98 
99 

100 
101 



{ 
{ 

{{Jg} partly united. 



Anns. 

Posterior sucker. 



Proc. N. M. vol. xxi- 
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Unfortunately no material is available for a study of the internal 
reproductive organs. The external arrangement is as follows: The 
median region of annuli thirty-four and thirty-five is pushed in to 
form a deep pit, which at its mouth is about 2 mm. across. It inclines 
cephalad and narrows toward the fundus. In one specimen it is atleast 
2.5 mm. deep. In the front wall, which corresponds to the intorned 
part of aunulus thirty-four, is an orifice which appears to be the male 
pore. This is located more than a millimeter from the moutiiof the 
pit and between a pair of glandular folds or papillse, which, like 
those described below, has each a i>ore at its summit. Five addi- 
tional adhesive organs are related to the male pore. A pair is located 
on the posterior margin of thirty-three, close to the median line. The 
papillse are low and wide, and the pores large, oblique, and crescentic. 
A second pair is placed at the sides of the pit, just within its mouth 
and close to the posterior wall. A fifth and unpaired organ is placed 
on the posterior wall of the pit at a higher (more dorsal) level than the 
pair. 

Behind the male pit a large, conical, sugar-loaf-shaped papilla rises 
from annuli thirty-six, thirty-seven and thirty-eight. At its slightly 
pointed summit is the female pore, within the limits of the thirty-seventii 
annulus. The papillae incline slightly toward the posterior end of the 
body. On each side of the female pore and rather toward the posterior 
face of the papilla is an adhesive organ which in copulation would meet 
one of the pair between which the male pore is situated. Three more, 
a pair at the base and a single median one higher up, are found on the 
anterior face of the papilla, and in copulation would attach to the three 
in the posterior region of the male pit. Another pair is located on 
annulus thirty-eight, just outside of the base of the papilla, and corre- 
sponds to the male pair on annulus thirty-three. In addition to these 
there is a conspicuous pair farther out on thirty-eight, and on the pos- 
terior portion of thirty-nine (or on thirty- nine and forty of one speci- 
men) a bilobed papilla with two pores on one side, and a linear trilohed 
one with three pores on the other side of the middle line, which have 
no visible counterpart in the male system. This last group alone prob- 
ably corresponds to the similar organ of Macrohdella^ the others being 
unrepresented in that genus. 

All of these organs consist essentially of more or less prominent 
papillae containing glandular sacs which open by apical pores, and whose 
cavities frequently contain hardened masses of mucus. 

No. 4103, U.S.N.M. New Orleans, Louisiana; Dr. R. W. Shufeldt 
(No. 693), 1883, one specimen. 

No. 4104, U.S.N.M. New Orleans, Louisiana; April, 1883 ; Dr. R. W. 
Shufeldt (No. 1140), one specimen. 

No. 791, U.S.N.M. New Orleans, Louisiana; April, 1883; Dr. K. W. 
Shufeldt (No. 1139), one specimen. 
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GEOBDELLA Whitman. 

Not Geohdella Blainville. 
Chthonobdefla Grude (in part). 

The earlier use of Oeobdella by Blainyille to desigDatc a dififerent 
group of leeches will of course prevent its general use by systematists 
in the couDection proposed by Whitman. 

28. GEOBDELLA LIMBATA (Gnibe Whitman. 

Ko. 173, U.S.N.M. New Zealand; XJ. S. Exploring Expedition; one 
specimen. 

No. 174, U.S.N.M. New Zealand; TJ. S. Exploring Expedition; one 
specimen. 
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EXPLANATION OF PLATE. 
Plate XL. 

Fig. 1. ProiocUpsine aexocuJaia. General morphology of dorsal surface, x 10. The 
segmentation and arrangement of the papilla; is shown for all the somites. 

2. GloaHphonia molliaaima. General morphology of dorsal surface, x 5. The 

annul! are omitted from several of the somites of the middle region. The 
characteristic and principal sensory papillae are shown for all of the somites, 
but the smaller and variable ones fully on somite XVI only. 

3. Placohdella mexicana. General morphology of dorsal surface, x 5. The 

characters of the anterior and posterior ends of the body only are shown. 

4. Drachelobdella rividua. General morphology of dorsal surface, x 5. The ter- 

tiary annuli lire shown for somites XV-XVII. 

5. Trachelohdellarugoaa. General morphology of dorsal surface. x5. Theinteg- 

umental secondary and tertiary annuli of the middle region are shown 
only in somites XV-XVII. 

6. Trachelohdella maculata. General morphology of the dorsal surface, x 5. The 

stippled areas are yellow. Secondary annuli shown in somites XIX and 
XX. 
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OK SOME LEECH-LIXE PABASITE8 OF AXEBICAIT CEATFISHES. 



In 1851 Dr. Leidy described in the Proceedings of this Academy 
the external characters of Adacobdella philaddphica, which he 
found occupying generally the exterior of Camharus bartonii. This 
acoount was quoted in full in the Synopsis of American Freshwater 
Leeches published in 1874 by Verrill, who adds no observations of 
his own. Other than these the writer is acquainted with no 
published accounts of American Discodrilidie (Vejdovsky). At- 
tracted by the peculiar structure, the uncertain affinities, and most 
of all, by the remarkable variability of these parasites, a score 
of zoologists have been led to contribute to our knowledge of 
the European forms. The question of the specific distinctness or 
unity of the several forms which take up their abode on Asfacus 
fiumatihis has led to considerable discussion, which has not yet 
reached a definite settlement. Vejdovsky believes the three or 
four forms which have heen described as distinct species to be but 
varieties of one extremely variable species — a view to which a strong 
support is lent by the elaborate tables of variations prepared by 
Voigt Whitman has found living on the crayfishes of Japan a 
similar multiplicity of forms, which have been regarded as constitut- 
ing three distinct species, but which have not, the writer believes, 
been described. 

It now appears that our American crayfishes likewise carry about 
with them a heterogeneous burden of leech- like parasites (or mess- 
mates?). Our common Cambants bartonii^ for example, is affected by 
at least four forms, which are easily distinguished, and which will he 
here described as specifically distinct. Other and different forms have 
been found by the writer on C. affinis and on C. which in- 
habits the larger mountain streams of western North Carolina. These 
being the facts, the writer thought it well to present for publication 
the present short account, which is entirely preliminary to a more 
complete discussion of the structure and affinities of these Annulata, 
the first instalment of which will soon apj)ear. It is hoped that this 
paper will serve to direct the attention of zoologists to this neglected 



By J. PERCY MOORE. 




420 



PROCERDIKOS OF THE ACADEMY OF 



[1893. 



group, and lead to the collection of the numerous forms which it 
seems reasonable to suppose must attach themselves to the bodies of 
our many species of crayfish. The monographic study of such a 
group as this would doubtless funiish us with data of great value in 
the consideration of our theories of variation. The writer would be 
especially indebted to anyone who will kindly furnish him with 
material collected in other localities or from other species of crayfish. 

Regarding the specific distinctness of the forms here described it 
may be said that the writer has examined several hundred specimens 
ranging in size and age from individuals just emerged from the 
cocoon to those of the largest dimensions, and while each species ex- 
hibits a considerable range of variation (which will form the subject 
matter of a subsequent paper), no important transitional forms have 
been discovered, the diagnostic characters here given being main- 
tained with as much constancy as is usual amongst closely allied 
animal species. 

Even should the views of Vejdovsky and Voigt prove to be 
correct for the European species, which seems probable, this would 
in no way affect the status of the American forms ; for other cases are 
not wanting where a group of animals which in one region is 
represented by a single variable species, in another has numerous 
specific representatives. This would then be only another fact in 
support of the view, now almost universally conceded, that species are 
but more widely separated varieties, which under the stress of changing 
conditions have continued to diverge from a common origin. Indeed, 
it is not certain that these species should be placed in the same genus 
even, for they are distinguished from one another by anatomical char- 
acters of such importance as would, in some groups of animals, rank of 
generic value. The several species are here referred to the single genus 
Branchiohdella chiefly because the writer is uncertain as to the legiti- 
mate limits of a genus in zoology, and because in this preliminary paper 
it is sufficient to recognize the existence of distinct forms without 
attempting to fix the exact conventional value of the gap which 
separates them — a labor which belongs more rightly to the system- 
atist, whose work of sorting and arranging would be quite premature 
in a group of which only a very small portion of the probable 
number of existing species have been examined. Moreover it should 
l)e borne in mind that much confusion has resulted from the un- 
necessary multiplication of genera. 
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The four species of Branchiobddla here considered agree with one 
another, and differ from the European species {B. variam of Voigt 
= A a8t(m Odier, + parastta Braun, + petUodonta Whitman, + 
hexodonia Gruber) in the poaseesion of two pairs of vasa deferentia, 
in the fifth and sixth poet-cephalic segments ; while B. varienSy as 
described by Domer, whose account I have not seen corrected, has 
hut one pair. 

Our four species group themselves somewhat naturally in pairs. B. 
phUadelphiea and B, iUvmincUa agree in the terete cross-section of the 
body, the posteriorly directed posterior sucker, the common external 
opening by means of a vesicle (which is pulsatile in B, phila- 
deiphimy at least) of the anterior pair of nephridia, and the unlike 
form of the dorsal and ventral jaws. B. pnlcherriina and B, 
in^nbHia agree in having the body depressed and more or leas laterally 
expanded posteriorly, in the ventral direction of the face of the 
sucker, the distinct external openings of the anterior two nephridia, 
and the similar dorsal and ventral jaws. The second group is much 
more closely allied to the European forms. 
Braaehiobdella iUuminata, sp. nov. 

Fig. la., Plate XII, external outline of the animal of its usual 
resting form, showing also the outline of the alimentary canal, the 
principal trunks of the vascular system, the series of clear glands of 
the right side, and the common nephridial vesicle opening to the 
exterior on the dorsum of the third poet- cephalic segment, x23, drawn 
from a living pecimen. Fig. 16, the two jaws in normal relative 
positions, x400. Fig. le, outline of a cocoon, x45. 

This species has been named illuminata in allusion to the double 
series of clear glands which in mounted specimens viewed by trans- 
mitted light appear like rows of pale-lighted lamps. 

Body very slender in complete extension, but robust in contrac- 
tion, tapering from the seventh segment very gently toward the head, 
and suddenly to the posterior sucker ; terete in transverse section in 
all regions. Bi-annulation of segments very conspicuous throughout 
the entire length. Posterior sucker small and weak, on the same 
axis as the body segment. Head small, slender, and elongated ; the 
post-oral part distinctly bi-annulate. Lips long and weak, of nearly 
equal size; ridged mthin by longitudinal folds. Mouth opening 
with its longest diameter transverse. No circumoral or other hairs 
have been detected in the adults of this species ; and in the young is 
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single small hunch in the median region of each lip is all that is 
present 

The jaws are remarkahle, and although large, are inconspicuous 
on account of their transparency and lack of color. On the dorsal 
one, which is much the larger, a high median ridge is developed, 
which hears three strong teeth, the points of which are directed 
posteriorly (down the throat). The ventral jaw is shaped like a U 
each limb of which is bent out of the common plane into a boomerang 
shape. The angle of the boomerang on each side is uppermost and 
bears a yery strong curved tooth, the two bounding a deep groove 
which accommodates the dorsal dentigerous ridge. 

The stomach is comparatively small, and behind it the evenly 
tubular intestine is thrown into loops, which become more obvious 
with the greater degree of contraction of the animal. 

In connection with the vascular system is developed a remarkable 
shallow sinus which covers almost the entire sur&oe of the alimentary 
canal. This presents dorsal and ventral longitudinal enlargements 
into which the principal vascular trunks are received. The extensive 
vaj9cular surface with the contained bright red blood thus presented 
gives the animals a delicate pinkish hue which distinguishes living 
individuals at a glance from the other species herein described. 

In each of the nine post- cephalic segments is a pair of peculiar 
translucent glandular bodies composed of large nucleated cells, and 
communicating \^ith the exterior by slender ducts having ventro- 
lateral openings. 

The anterior two nephridia open into a gourd-shaped vesicle having 
an opening to the exterior in the mid-dorsal r^on of the major 
annulus of the third segment. The spermatheca is short, cylindrical 
and bifid ; the penis- sa<; short- pedicled and spherical, and the atrium 
clavate and curved. The spermatheca, penis, ovaries, posterior paired 
nephridia and anus open respectively on the fifth, sixth, seventh, eighth 
and ninth post-cephalic segments. Ijength of full grown individuals, 4 
mm., maximum diameter (7th segment) '9 mm., diameter of aceta- 
bulum -35 mm. The figure represents an individual of maximum 
size. 

The cocoon is regularly ellipsoidal in shape and bears an anchoring 
pedicle at each pole of the major axis. Length of cocoon, -55 mm. , 
diameter, -40 mm. , length of pedicles, -33 mm. 

This species is very common and has been found in the branchial 
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chamber of nearly one-half of the larger individuals of C bartonii 
that I have examined. It appears never to leave the branchial 
chamber during the life of the crayfish, except at the time oi moult. 
The ooooons are found throughout the year attached to the branchial 
filaments, especially the inner ones. Philadelphia, Pa. and Watauga 
Co., North Carolina. 

B. pnleherrima, sp. nov. 

Fig. 2a, Plate XII, outline of the entire animal as seen from the 
side, showing the adhesive organs on the eighth and ninth segments, 
x28. Fig. 26, the same specimen from the dorsal aspect, yvith an outl 
ine of the alimentary canal, x23. These drawings are from a 
medium sized preserved specimen. Fig. 2c, one of the jaws of the usual 
form, x200. Fig. 2e, a cocoon, x45. 

The beaudfiil transparency of the anterior segments, which enables 
one to see with great distinctness the internal organs of that region 
suggested the name given to this species. 

Form rather stout, the body depressed, especially in the posterior 
region. The s^ments increase regularly in width to the seventh, 
which is the broadest ; and behind which they rapidly narrow to the 
acetabulum. Each post- cephalic segment consists of an anterior 
larger and a posterior smaller annulus. The ventral surfaces of the 
eighth and ninth segments are strongly flattened, and each bears on 
its extreme lateral margins a cup-shaped adhesive organ, into the 
central depression of which a conspicuous gland opens. These are 
directed ventralward and doubtless serve as accessory organs of 
attachment to aid the rather weak sucker. Those on the eighth 
segment are usually the larger, but a considerable range of variation 
is exhibited in this respect. The structures become proportionally 
larger and more conspicuous in older individuals. 

The head is urn-shaped, slightly longer than broad in preserved 
specimens, and its greatest width less than or just equal to that of the 
first body s^ment. The breadth of the head varies greatly with the 
degree of contraction of the specimen, but in the living individual 
always appears narrow, and to form part of the generally even 
tapering outlines of the body, never abruptly expanded as in B. 
instabilia. The oral region is separated from the cephalic region by 
a deep constriction, which completely encircles the head. The 
mouth is enveloped by a pair (dorsal and ventral) of distinct thick 
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muscular lips, of which the dorsal oue is the larger and droops down- 
ward, partially enclosing the ventral lip. Each presents a slight 
median emargination, but is otherwise entire. The lips and head, as 
well as the sides of the principal annuli of the body, are provided 
with a fringe of delicate hairs. Mouth opening nearly circular, be- 
tween the parted lips. 

The jaws are small and inconspicuous, in adult specimens less than 
one-twelfth of the width of the head, and of a pale brown or amber 
color. The rounded base bears three teeth, of which the larger 
lateral ones are stout, curved, and divergent, while the smaller 
median one is straight and sharp- pointed. The variations in the jaws 
involve frequent unsym metrical development of the teeth. The 
dorsal and ventral jaws are similar, and both are fixed opposite to the 
constriction behind the lips, the teeth being directed inward. 

The straight alimentar}- canal is strongly sacculated in the second, 
third and fourth segments, behind which it is narrow, and direct in 
its course to the anus, which opens on a slight papilla on the dorsal 
side of the ninth s^ment. 

The greater part of the body cavity of the fifth and sixth segments 
is filled with testicular cells in various stages of development; and 
the glandular thickening of the skin of these s^ments renders the 
walls conspicuously opaque. The two pairs of vasa deferentia open 
into the nearly spherical atrium in the sixth segment A conspic- 
uous and broadly pyriform spermatheca opens on the fifth seg- 
ment. The ovaries and accessory structures occupy the seventh. 
The anterior nephridia alternate in position, but open to the exterior 
by paired orifices in segment three. The posterior paired nephridia 
occupy the space on each side of the intestine in s^ment eight 

This species is colorless and more or less translucent ; the first four 
segments behind the head are remarkably clear and translucent, but 
behind this the body walls are rather opaque and the position of the 
internal organs obscured. The alimentary canal is throughout darkly 
colored, except within the head. 

Blood very pale red. 

Length of mature individuals 6 mm. 

Maximum breadth 1-3 ** 



Width of jaws ... 
Diameter of acetabulum 



•06 
•6 
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Cocoons of this species are almost spherical and are borne on short 
stout stalks. Usually they are attached to the broad surfaces of the 
body, t. e.y the sides of the carapace, inner faces of the anterior 
abdomina] epimera, and the sternal face of the tail fin. 



The adults are found attached almost anywhere on the exterior of 
the crayfish but more especially on the tergal surface. 
Watauga Co. North Carolina, on Camhurun barton ii. 

B. initabilia, sp. nov. 

Fig. 3e^ Plate XII, an unusually large individual seen from the 
ventral side, showing the outlines of body and alimentary canal. 
Drawn from a living individual in nearly full extension, x25. 

Fig. 86, and 8c, two views of the jaws, x200. 

Fig. 8f, a cocoon, x45. 

The constant movements of the lips, and the varying form of the 
head and segments succeeding it during the life of the animal make 
the name instabilia, the changeable, most appropriate. 

Body in a state of contraction very short and stout, the posterior 
four segments forming a flattened disk- shaped expansion which is 
scarcely longer than broad ; the first four body segments are much 
more narrow, but increase somewhat in breadth to the fourth, pos- 
terior to which the increase is very rapid to the seventh ; the eighth 
is slightly narrower and develops lateral wing- like flaps, which, 
sloping ventralward, bound a decided ventral concavity in this 
region ; posteriorly they embrace the sucker-bearing segments. The 
head and anterior s^ments are terete. Under normal conditions the 
large head is considerably broader than the following s^ments, 
which form a neck- like constriction, to which the head is attached by 
a very mobile fold, forming a distinct annul iis. The eraarginated 
lips are slightly creuulated, and form an almost continuous muscular 
thickening around the mouth. The post- oral constriction is well 
marked, but not so deep as in B. pulcherrlma. Numerous short 
stiff hairs fringe the lips and head, and in young individuals are 
present on the body segments also. 

The dark brown jaws are provided with four strong, curved, 
conical teeth, which diverge slightly ; the outer pair are symmetrical, 
the left tooth of the middle pair is much larger than the right ; this 



Length of cocoon >\ithout stalk 



'46 mm. 
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being the case in both jaws in nearly all of the many specimens ex- 
amined. 

The acetabulum resembles that of B. pulcherrima in being 
directed ventral ward. Its diameter is greater than that of the first 
or second body segments. Bi-annulation is conspicuous on the 
anterior four postr cephalic segments only. 

The alimentary canal is strongly sacculated in the fourth and fifth 
segments, in the sixth is pushed to the left side by the development 
of the atrium (this occurs in adults only), in the seventh is 
thrown into a complete double transverse loop which passes first to 
the right and then to the left, and finally passes directly to the anus 
in the ninth body segment. The spermatheca is very small and in- 
conspicuous, while the penis- sac is well developed, and possesses 
a long vermiform appendage (atrium) which forms a loop dorsally 
over and around the intestine. Sexual and nephridial openings as 
in B, pulcfierrhna. 

In contraction the body of this species is shaped like a short- 
handled raquet ; in extention it has the outline of an Indian club from 
dorsal and ventral views. 

Length of mature animal 5 '5 mm. 

Maximum breadth, 1-3 ** 

Diameter of acetabulum '5 * * 

Transverse diameter of jaw '048 ** 

Ijength of cocoon without pedicle . . . -35 '* 

The cocoons resemble those of the last described species, but are 
frecjuently provided with an apical fibrous tuft. They are invari- 
ably attached (to the extent of my experience) to the palmar surikce 
of the propodite of the great cheUe. The animals themselves are 
largely restricted in their distribution to the same segments of the 
limb, and are usually to be found in numbers clustered at the base 
of the pincers to which position the form of the body peculiarly 
adapts them ; for while the constricted anterior region, by reason of its 
tenuity, easily escapes crushing between the closing limbs of the chela, 
in which }X)8ition it is frequently liable to be caught, the important 
organs of reproduction and digestion are massed together near the base 
of attachment, entirely out of reach of danger from this source. Fre- 
quently they wander to other parts of the same pair of limbs, or even 
to the two pairs of ambulatory limbs following. 
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Watauga Co., North Carolina, and by Mr. P. P. Calvert in 
Delaware Co., Penna. 

B. philadelphiea Leidy. Astacobdella philadelphica Leidy, Pro. Acad. Nat. 
8cL Phila., 1851, p. 209, VerriU, Rep. U. S. Com. Fiaheries for 1872-73, p. 688. 

Fig. 4a, Plate XII, shows the external outlines of the body, and the 
alimentary canal of a moderately sized living adult, x23. Figs. 46 
and represents the dorsal, and 4d the ventral jaw, xlOO. Fig. 4c, 
cocoon, x45. 

Dr. Leidy's desciiption is here reproduced Body whitish, trans- 
lucent; sides nearly parallel, a little broader posteriorly, sixteen 
alternately broad and narrow segments exclusive of head and 
posterior end. Head campanulate, terminated by a circular or 
elliptical crenated lip, fringed with very minute stiff hairs, one two- 
thousandth of an inch long. Acetabulum circular, one-sixth or 
one- fourth of a line in diameter; mouth elliptical. Dental plates 
brown, nearly equal, forming an isosceles triangle, with the base 
longest and attached apex of superior plate ending in a sharp conical 
point ; with several very minute denticulations on each side, apex of 
inferior plate bifurcated into two points, with two minute denticula- 
tions on each side. Stomach capacious, nearly filling the anterior 
eight alternately broad and narrow segments posterior to the head. 
Anus dorsal, one- fifth of a line from the acetabulum. Generative 
opening ventral, anterior to the anal aperture. Length, one to four 
lines ; breadth, one-sixth to onc^half of a line. Head, one-sixth to 
one- half of a line long. Ovum attached by a pedicle, with an oper- 
culum pointed at summit. From base of attachment to point of 
opercle, one-fifth of a line. Length of body of ovum, one-sixtk of a 
line; breadth, one-eighth of a line. 

''Habitat. — Found frequently in numbers from one to several 
dozen upon any part of the exterior of the body of Astacvs harUmii 
Fab., but more especially upon the inferior surface and the 
branchiae." 

The spermatheca is large, shor^ cylindrical, and curved; and the 
penis-sac is cylindrical and possesses prominent atrial appendage. 
The external openings of these and the ovaries are as usual. The 
anterior nephridia terminate in very large transverse tubes which 
open into a pulsatile vesicles iiuated in the third segment The other 
anatomica characters are in no way remarkable. 

I have never found this species inhabiting the branchial chamber, 
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but principally the sternal surface of the entire body, among the 
bases of the appendages. The cocoons are attached to the abdominal 
sternites, but more frequently to the setaB of the pleopods. They are 
to be found principally in summer, but are not entirely absent at any 
season. 

Phila. Pa. , and Watauga Co., North Carolina. 

The author has, since writing the above, examined a preparation 
of B, parcmta Braun, in which he was able to distinguish only a 
single unpaired vas deferens. Compare Vejdovsky, Systemu Mono- 
graphie der Oligochaeten. 
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United States Department of Agriculture, 



OFFICE OF THE SECRETARY— CIRCULAR NO. 58. 



REPORTS OF DRS. VERANUS A. MOORE, MAZtCK 
P. RAVENEL, AND WILLIAM T. SEDGWICK UPON 
THE FEDERAL MEAT INSPECTION. 



In July, 1913, the Secretary of Agriculture, wishing to obtain the 
opinions and recommendations of experts outside of tne department 
with regard to the meat-inspection service as carried on bv the 
Bureau of Animal Industry, requested the following-named gentlemen 
to investigate the work at the places respectively indicated and to 
report to him: 

J. W. Connaway, D. V. S., professor of veterinary science in the 
College of Agriculture, University of Missouri, Columbia, Mo., to 
investigate tne meat inspection at National Stock Yards (East St. 
Louis), 111., St. Louis and St. Joseph, Mo., and Kansas City, Kans. 

Veranus A. Moore, M. D., V. M. D., dean of the New York State 
Veterinary College and professor of comparative pathology and meat 
inspection, Cornell University, Ithaca, N. Y., to mvestigate the meat 
inspection at New York and Buffalo, N. Y., and Philadelphia and 
Pittsbiirgh Pa. 

Mazyck r. Ravenel, M. D., professor of hygiene in the University 
of Wisconsin and director of the Wisconsm State Laboratorv of 
Hygiene, Madison, Wis., to investigate the work at Milwaukee, Wis., 
Chicago, lU., Indianapolis, Ind., and St. Paul, Minn. 

William T. SedgwicK, Ph. D., Hon. Sc. D., professor of biology and 
public health and director of the sanitary research laboratory and 
sewage experiment station of the Massacnusetts Institute of Tech- 
nology^ Boston, Mass. ; also a member of the advisory board of the 
hygienic laboratory of the United States Public Health Service; to 
investigate the meat inspection at Boston and Worcester, Mass., and 
New Haven, Conn. 

The letters of appointment by the Secretary contained the foUow- 
iog statement: 

With a view to 8afeguardin|: public health and maintaining the highest degree of 
efficiency in the meat-inspection service of this department, it is my desire tluit you 
report directly to me fully and frankly the conditions as yow. find them at the various 
packing establishments^ together with such recommendations looking to the improve- 
ment of the service as in your judgment may seem best. 
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Personal affairs made it impossible for Dr. Comiaway to serve, but 
the others investigated and studied the inspection service in the 
course of the next few months. It was the Secretary's desire that the 
investigators, if possible, exchange views and collaborate in a joint 
report. As Dr. Sedgwick was preparing to go abroad, he made a 
separate report on March 1, 1914. After the lapse oi some time, 
during whicn it was hoped that Dr. Connaway might be able to take 
the part desired of him, and after further delay due to other circum- 
stances, Drs. Ravenel and Moore submitted tneir joint report under 
date of October 9, 1915. These reports follow: 



H ' REPORT OF DR. SEDGWICK. 

I beg leave to report that acting under your letter of. appointment 
and instructions, dated July 7, 1913^ I have visited ana carefuDy 
inspected the sanitary conditions affecting or likely to affect the 
public health in the principal packinghouses engaged in interstate 
commerce at New Haven, Conn., and Worcester, Mass. In each city 
there is one principal slaughterhouse besides various establishment 
devoted to the smoking, packing, cutting, packing, and distributing 
of meat products. There is also imder mspection in each city one 
detached rendering plant dealing chiefly with market waste and com- 
prising under one roof carefully separated rooms and apparatus for 
rendering such waste into edible or into inedible materials. 

I first made a general survey of the sanitary conditions surrounding 
the killing, dressmg, cutting, and packing processes. I inquired into 
the water supply, the drainage, the methods of heating, lighting, venti- 
lation, the physical conditions of floors, walls, cellars, etc. I con- 
sidered matters of general cleanliness, of the health of tne employees, 
of toilet facilities, and of the cutting, preparing, handling, packing, 
and shippiDg of tne various products. These and similar inquiri© 1 
understand to be embraced under that portion of my instructions 
referred to as ''conditions.'' 

In the second place, and finally, I have observed closely the actual 
conduct of the work of inspection and in particidar the character and 
efficiency of the personnel engaged in the inspection. 

SANITARY CONDinONa 

In Now Haven and in Worcester the buildings are old but have been 
extensively reconstructed and are to-day reasonably well fitted and 
equipped iter tlie work done in them. Hogs ordy are slaughtered in 
New Haven, and these arrive by train and, while awaiting slaughter, 
are housed under good sanitary conditions. The killing, the scalding, 
the scraping, and the eviscerating are all likewise done imder reason- 
ably good sanitary conditions. The floors, walls, benches, cooling 
rooms, cuttmg rooms, pickhng and other storage rooms, the rooms in 
which sausages and luncheon loaf are made, the packing, salting, and 
shipping rooms are all in excellent sanitary ana physical condition. 
Satisfactory measures appear also to be taken against flies and rats. 

Reasonable care appears also to be used in the selection of healthy 
employees, and the toilet arrangements of the establishment are clean, 
well eauippcd, and sanitary. Their location, on the other hand, in 
New Haven is objectionable, as all are on tne top floor and hence 
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inoonvenient for employees working on the lower floors. It is always 
of the very first sanitary importance to make resort to water-closets 
and hand-washing basins so easy and so convenient as to encourage 
habits of personal cleanliness. To this end hot as well as cold water 
should be freely accessible for hand washing. In New Haven the 
toilets are, as stated, on the upper floor, a somewhat inconvenient 
and, to this extent, object ionaole location; but they are otherwise 
satisfactory and well appointed. At Worcester they are f oxmd on the 
rarious floors and are usually weU ventilated and well appointed. 

THE mSPEGTION SYSTEM AND STAFF. 

The system of meat inspection employed at the packing houses 
which I have visited has naturally the advantages ana disadvantages 
of any inspection system, and I do not feel qualified either by tram- 
ingor experience to express an opinion on many olf the technicsd points 
involved in its conduct or operation. I am, however, familiar with 
Tarious other systems of samtary inspection and I therefore feel com- 
petent to report upon certain features of this one. 

I have observed closely the personnel of the inspecting staff and 
the personnel of the management or operating staff, and the reciprocal 
rdation of these, together with the attitude of both to the work in 
hand. For, no matter what the physical environment, almost every- 
thing in work of this kind depends m the last analysis on the ability, 
faithfulness, and right attitude of those in charge. With an efficient 
andfaithfid personnel even a poor environment may be made to yield 
a good product, while with an incompetent or imfaithful staff even a 
model plant may turn out a poor product. Throughout the present 
investigation I was constantly impressed with the absolute- and 
fundamental dependence of tne results upon the interest, abihty, 
and devotion of the personnel. 

I was struck at tne outset with the fact that the inspectors in 
charge are comparatively yoimg men. energetic, and capable of hard 
work. The work which they have to do requires keen and unremitting 
attention often for hours at a time. Every carcass passes, almost 
literally, through their hands. Much of the work is done under wet, 
steaming, bloody, and otherwise disagreeable conditions. Much of it 
Diust be done rather quickly, and hence requires the closest concentra- 
tion. The handling for hours of hot viscera sometimes makes the 
hands sore. Sharp Knives must be constantly used and cuts are not 
rare,, while a routiae which is almost endless tends to deaden interest 
and duH the quickness of perception. For these and other obvious 
reasons such as the omnipresent possibiUty of temptations to indo- 
lence, carelessness, and even bribery it is plain that almost everything 
depends on the composition and character of the personnel. And here 
I am happy to be able to report that I have been impressed through- 
out by tne obvious ability and apparent faithfulness of the inspectmg 
staff. In the inspectors in charge at the stations visited I beUeve 
that the Bureau of Animal Industry possesses men of character, abil- 
ity, and faithfulness. Of those under them I can say but Uttle in de- 
tfi-il, but as far as my observation went all are supported by compe- 
tent and faithful assistants. 

It is of course imperative if not indispensable that the inspecting 
staff should be on good terms with those managing and operatmg the 
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plant. And here by separate and special inquiry, I satisfied myself 
that the relations were such as ousht to prevail. A steady yet reason- 
able pressure seems to be exertea upon the owners and managers to 
make improvements, and I repeateoly saw material repairs and im- 
provements under way which nad been suggested or required by the 
mspector in charge. Most of the packing houses or parts of them are 
ola, but all are bemg improved or renewed, often at heavy cost. This 
is especially true at Worcester. 

I believe, however, that the inspectors in charge at both New 
Haven and Worcester are overworked, and oueht to be given more 
assistants of a high grade, so that they themselves might be able to 
supervise their territory more efficiently. I believe, too, that they are 
underpaid and that it would add immensely to the effidencv of the 
service if the more responsible men at least were less hard worKed and 
better paid. 

In conclusion I may say that, cut short by my illness as my investi- 

§ation of the meat mspection service has been, I am nevertheless 
eeply impressed with its excellence, its usefulness, and its efficiency. 
It is everywhere admitted I think that the United States meat inspeo- 
tion is far superior to any provided by the States, and that these con- 
stantly look up to it as a model toward which they are striving. I 
believe that in this they are right, and that if the service could be 
strengthened and increased, it would be even more satisfactory than 
it now is. 

Wm. T. Sedgwick. 



REPORT OP DRS. RAVENEL AND MOORE. 

The undersimed, who were appointed by you in July, 1913, to 
investigate ana report upon conditions in meat-packing establish- 
ments under Federal inspection, have the honor to submit the follow- 
ing report: 

In your letters of appointment you said: 

With a view to safe^^uardin^ public health and mAiotainii]|: the highest degree of 
efficiency in the meat-inBpection service of this department, it is my desire tlmtyou 
report du-ectly to me fully and frankly the conditions as you find them at the vanous 
packing establishments, together witn such recommendations looking to the improve- 
ment of the service as in your judgment may seem best. 

Dr. Moore was directed by you to investigate the work at New 
York and Buffalo, N. Y., ana Philadelphia and Pittsburgh, Pa., 
and Dr. Ravenel that at Chicago, HI., Indianapolis Ind., Milwau- 
kee, Wis., and St. Paul, Minn. 

We proceeded independently to investigate the establishments and 
the inspection service at the places assigned to us. Our inspections 
were made unannounced. As far as possible introductions were 
avoided, and we have reason to believe that for the most part the 
members of the meat-inspection force did not know that we were 
anvthing more than casustl visitors. Certainly the majority of them 
did not know our names until afterward and many not at au. 

As a result of our observations and study we unite in the conclusions 
and recommendations which follow. This report deals with the 
inspection as a whole rather than with the details of the work in the 
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Tarious places. Following out the two principal ideas set forth in 
our letters of appointment, we foimd in general that — 

1. The methods laid down in the regulations are sufficient for insur- 
ing wholesome meats and for the protection of the public health. 

2. These regulations are honestly and efficiently carried out. 

INSPECTORS. 

For a number of years past we have come into contact with a large 
number of the men engaged in the Federal meat-inspection service, 
and in the prosecution of our investigations we have studied them as 
carefully as possible from every standpoint. We are convinced that 
as a class they are an earnest and conscientious set of men, showing 
a commendable sense of responsibiUty to the service and to the 
public. 

In each of the cities the inspector in chaise was foimd at work on 
the problems of his station. The veterinary and meat inspectors 
were at their respective places doing in a careful manner the work 
in hand. In no instance was the inspector absent when the work 
or the r^ulations required his presence. It is gratifying to be able 
to state that the veterinary and meat inspectors were found to be 
men interested in their work and of a personal appearance that 
bespeaks their best efforts in the service. In fact, they all seemed to 
be competent and to understand thoroughly their duties. 

The monthly meetings of the veterinary and meat inspectors that 
are held at the diflFerent stations by the inspectors in charge for the 
purpose of better qualifying the men are to be highly commended. 
Their meetings have a tmeefold significance, namely, (1) educational. 
(2) in stimulating a pride in the service, and (3) in fixing in the mina 
of the inspector 9ie importance of his task. 

ANTE-MORTEM INSPECTION. 

The ante-mortem inspection is usually made on the premises of 
the slaughterhouses but at some of the lar^ stations it is done in 
the stockyards. In the latter case, in addition to the ante-mortem 
inspection under the meat-inspection law, there is usually an in- 
spection under the quarantine law, at the time of unloading or soon 
afterwards, of all animals received at the yards. Under these cir- 
cmnstances there is a double and sometimes a triple ante-mortem 
inspection. 

With the funds available it is m^-nifestly impossible to employ men 
enough to detect any but the more obviously diseased animals in the 
yards. The significajice of ante-mortem inspection has been exagger- 
ated. We regaoed 1Mb yard inspection as being of more importance 
to the animal industry than to human health, since all of these animals, 
if shiiightered in houses which are imder Federal inspection, undergo 
ttere^ar detailed post-mortem examinations before being passed for 
food. 

POST-MORTEM INSPECTION. 

In each of the packing houses the post-mortem examinations were 
l>eiiig made according to the regulations for passing or condemning 
^Wcaases, Jn no instance did we detect any neglaet on the part ol 
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the inspector in carrying out the regulations. The condemned car- 
casses or parts of carcasses were taken charge of by the inspectors and 
tanked as soon as the kiUing stopped, or thev were placed under lock 
to be tanked later. There seemed to be a clear understanding on the 
part of the veterinary inspectors of the rules regarding the condemna- 
tion of carcasses. No infringement of the regulations on this subject 
was observed. The meat inspectors were likewise careful in tneir 
observance of the regulations relative to the inspection and condemn- 
ation of tainted, spoiled, or sour meats. We believe this inspection 
is thorough and sufficient to insure safe and wholesome meat. 

In the newer houses the facilities for the post-mortem inspection as 
regards s})ace, light, etc., are good. In some of the older houses, 
however, the busmess has increased bevond the normal capacity, and 
in these the position of the inspector, the space allowed, and the light- 
ing were not satisfactory. 

BUILDING, EQUIPMENT, AND SANITATION. 

Regulations pertaining to the cleaning of floors and utensils were 
carefully observed. It must be remembered that the killing and 
dressing of animals can not be done without more or less blo^ and 
dirt. It is the uniform practice to clean up thoroughlv after each 
killing period, and at no time is an acciunulation of filth permitted. 
The metal, glass, tile, or wooden tables that are used were dean, as 
well as the cans, trucks, and other utensils used in handling the 
viscera, meat, and meat products. The requirements r^arding 
floors, walls, fight, etc., present difficult problems. In many 
instances new buddings have been or are being constructed. These 
arc high class in every respect. Especially noticeable were the 
excellent "retaining rooms" for the final inspection of carcasses, 
which have been or are being constructed at many plants. These are 
invaria1)ly spacious, weU lighted, and equipped with every convenience 
for making a thorough final examination. Each room is furnished 
with a table, the top of which is movable and built on the plan of a 
treadmill. Under the table is a tank of hot water, and after each 
examination, by the turning of a handle, approximately one-half of the 
table is immersed in hot water and sterilized while the other part of 
the table is being used. Consequently there is no danger of carrying 
any infection from a diseased carcass to one which may be passe dfor 
food. They are also well suppUed with tanks in which the inspector 
can sterilize his knife between examinations, and no neglect was 
observed on the part of any inspector in using these conveniences. 

In contrast with these are the older houses. They were built wh&i 
the biisin(^s3 was small and before modem improvements now consid- 
ered to bo essential were known. In most mstances they began as 
small buildings and were added to until they became large in area, 
low between floors, and necessarily not well lighted nor ventilated. 
Many of these have been improved to the point where they satisfy the 
technical requirements of sanitation. This being the case, it is im- 
possible to nnd just ground upon which to demand demolition and 
rebuilding. It is in many instances financially impossible for the 
owners to rebuild at once. The elimination of this class of houses 
must be a process of evolution. In some cities the improvemente 
suggested by the inspectors in charge and costing several hundred 
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thousand dollars are in progress. With these improvements there is 
no reason why animals can not be slaughtered and their carcasses 
handled in a perfectly sanitary manner. It would seem that beyond 
this point refinements in construction and equipment will be brought 
about by competition and the necessity of efficiency in the business. 

In our investigations especial attention was paid to the toilet facili- 
ties and to the rules ana regulations concerning the care of them. 
There has been tremendous improvement in this regard. Many of 
the toilets are entirely separate irom buildings in which work is done. 
In others they are part oi the building but entirely disconnected from 
workrooms and have outside ventilation. The fixtures for the most 

Sart are modem and sanitary, and there is an abundance of water for 
ushing purposes. What has been said concerning the buildings 
appUes also to the toilets. In the newer houses they are adequate 
and sanitary. In the older ones they are often deficient in these 
respects. 

It is remarkable how much has been accomplished in bringing about 
sanitary conditions in the packing houses under Federal mspection 
since the law of 1906 went mto effect. It is true that there are still 
many things to be done, but the spirit and the letter of the law are 
being observed in all of the establishments which we have inspected. 
This does not mean that perfection has been attained but rather that 
much progress has been made in overcoming the serious obstacles 
which confronted the enforcement of a satisfactory meat-inspection 
service. As the entire subject of meat inspection in this country is 
comparatively new, the improvements that nave been made are actu- 
ally greater tnan one would expect in the time. It is a case where 
teacher as well as pupils have had to learn. We have found pro- 
cedures and equipment that were recommended a few years ago dis- 
carded for other and supposedly better methods and materials. To 
convince one of the great advances that have been made, it is but 
necessary to visit a local uninspected slaughterhouse and contrast 
the conditions found with those m Federal-inspected establishments. 

SUGGESTIONS AND RECOMMENDATIONS. 

The conditions found in the packing houses and branch establish- 
ments have suggested certain changes or modifications either in the 
regulations or m the procedure which it is thought might be bene- 
ficial to the service. In accordance with the request in your letter of 
instruction, the more important of these are set out below. How- 
ever, the progress in the improvement of the service that is now being 
pade should not be interrupted by changes of methods unless there 
IS sufficient evidence that they will be beneficial. With this explana- 
tion, we submit the following: 

^' Sterilized meat. — Because of honest differences of opinion 
relative to the extent to which a disease may exist in an animal and 
ita flesh remain safe for human food, we recommend that a plan be 
adopted by which the carcasses of animals affected locally and 
moderately with tuberculosis, hog cholera, and other diseases and 
conditions, and that are now passed only lor lard or tallow, can be 
sterilized with steam imder the supervision of the inspector and sold 
^ cooked meat. The process of steriUzation would insure the whole- 
Bomeness of the meat, and a heavy waste of good food would be 
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avoided. This method has been followed for many years in Grennany 
and Austria, where it is very welcome and has worked well. TTbe 
meat is sold as second class at a lower price.^ 

2. Hog cholera, — ^If condemnations of all animals showing signs 
of hog cholera were strictly carried out, the money loss would be 
enormous. As a more definite knowledge of this disease and its 
possible bearing upon himian health is desirable, we recoromend 
that studies be earned out to determine at what stages of the disease 
or of convalescence the carcass of an affected animal is fit or unfit 
for food, and that the regulations be revised if necessary to accord 
with the results of such investigations. 

3. Inspectors in charae. — ^The success of the service depends largely 
on their Knowledge of the multitude of details in the various estabush- 
ments, as well as upon their abiUty to handle tactfully the many 
difficult situations in connection with the packing houses. They 
must often plan the improvements to be made. It is important 
that the inspectors in charge shotdd be thoroughly practical men 
and if possible well informed on methods of constructing slaughter 
and process houses. The improvements recommended should be 
followed by helpful suggestions and sometimes with detailed directions 
for the work. The chief inspectors whom we have met attribute 
much of their success in bettering the conditions of the slaughter- 
houses to their ability to plan the reconstruction work. 

4. Equipment J facilities, etc. — ^In th'e improvements which are 
being made in the packing houses there seems to be a lack of uniform- 
ity in much of the equipment put in and in the changes being made 
relative to kind of floors, walls, paint, trucks, and material for 
making tables on which are handled meats, sausages, etc. We 
recommend a careful study of the various materials, paints, etc., 
to determine those best adapted for the needs of the service, as neces- 
sarily modified by cUmate and possibly other local conditions. The 
fairly extensive use of trucks made entirely of metal for meat products 
was observed. For most purposes these seem to be the most suitable 
and sanitary, and their more general use is recommended. Wooden 
trucks are permissible when made of hard wood and kept free from 
cracks and loose joints. 

The attitude of the operatives with regard to cleanliness, self- 
respect, etc., is largely influenced by their surroundings. We feel 
that much good comd oe accomplished by requiring the construction 
of proper facilities in the houses which are now deficient, and insisting 
on proper care of them in use. Washbasins with not and cola 
water should bo provided outside the toilet rooms, on the working 
floor where the employee is in full sight not only of the superintendent 
but of other workers in that department. It is best to have wash- 
basins both in the toilet rooms and outside. This arrangement now 
exists in several houses, and inspectors as well as the superintendents 
say that it is more effective in securing cleanliness than the plan of 
haying basins or sinks within the toilet rooms only. In those nouses 
which employ janitors this does not seem to be so necessary. We 
recommend the more general employment of janitors for touet and 
dressing rooms. 



1 Note by the Department of Atnicalture.— This recommoDdation was adopted in the revised meit- 
inspection regulations (B. A. I. Order 211). 



Signs enjoining cleanliness and the observance of sanitary habits 
shomd be more generally used about official establishments. We 
recommend that the department specify signs of imiform style for 
this and other purposes. 

Roller towels should not be used. 

It is suggested that packers be required to have laundry facilities 
for the outer clothing of emplovees where they employ 15 or more 
men. The securing of clean clothing for the workmen and the arrang- 
ing of suitable dressing rooms and lockers and keeping them clean 
are very important. 

5. Grading system, — ^From what has been said above, it is evident 
that the slaiighter and packing houses might be divided into several 
grades, rangii^ from those in which the Duildings, equipment, and 
methods are fcst class in every respect, down to those whicn are 
unsatisfactory in one or all of these points, but which can not be 
justly condemned entirely. Under the present sjrstem the Govern- 
ment gives the same certification to the products of all these estab- 
lishments. We consider this unfair to the consumer as well as to the 
first-class establishments. We therefore recommend the adoption of 
a scoring system similar to that now employed in grading dairies. 
We believe that this will go far toward removing the present unfair- 
ness, and will ako exercise a most beneficial and stimulating effect 
on all classes of houses, and make it easier for the Federal inspection 
service to bring about the desired betterments in the poorer nouses. 

6. Kosher Jciuing. — ^While it may be necessary to permit the methods 
of killing animals required by the religious rites oi the Jewish people, 
it is suggested that as many as possible of the cruelties of the Kosner 
killing be abolished. It woula seem that more humane methods 
could be followed and still not infringe upon the Mosaic laws. In 
Boston, we are told, much has been accomplished in this direction. 

7. Committee on improvements, — ^The improvement of the packing 
houses and the establishing of a satisfactory system of inspection 
must of necessity require much time. The best arrangement of 
equipment, the most dfesirable materials to be used, and many other 
things pertaining to the packing-house business are as yet known 
only in part. Until more definite knowledge on these subjects is 
acquired, the best possible conditions can not be attained. For this 
reason we recommend that a committee be appointed to study and 
to try out various suggestions to improve the service. It is difficult 
to see how certain details can be effectively improved unless there is 
some provision for ascertaining what is the best to be recommended. 

8. State and municipal inspection. — ^The criticism of the Federal 
paeat-inspection service that is often made comes in the form of this 
inquiry: "Why should the Government spend so much money for 
meat inspection and be so severe with the packers when they kill 
but 60 per cent of the meat consumed, and when the other butchers 
can kill and sell what they like and in as filth v a place as they choose 
To overcome this, it is suggested that the department present to the 
proper State and mimiciptu authorities a statement of fact with the 
recommendation that each State establish a meat-inspection service 
to safeguard its people against unwholesale meat. It is believed that 
the good auspices of the Federal Government in this matter would 
©Qcourage the States to do their part in this commendable work. 
We believe that the powers of the Gfovemment in this respect are not 
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generally understood. The Federal meat-inspection law applies solely 
to establishments engaged in interstate traffic and to meats whicn 
are handled in interstate trade. For these reasons the Federal 
authorities can not interfere with establishments the business of 
which is restricted to the State in which they are located. Because 
butchering is an unpleasant and more or less dirty task, the surround- 
ings should be such as to counteract this to the greatest extent 
possible and to safeguard the product. 

9. Publication of facts. — We nave been reminded many times during 
our inspection work of the many criticisms that have been made of 
the Federal meat-inspection service. We have not been told by 
anyone outside of the service of the good work that is being done by 
the inspectors in safeguarding the people against bad ana diseased 
meat and of the improvements they have brought about in handling 
meat and meat products. There is not a general imderstanding of 
what is being done, nor of the problems to be solved. The general 

})ubhc is not well informed concerning the prevalence of disease in 
ood-producing animals, nor of the extent to which the diseases render 
the flesh of such animals wholesome or unwholesome. The problm 
which confronts the Federal meat-inspection service is to provide a 
safe and wholesome meat food sunply which is vdthin the financial 
reach of the people. While the estnetic side is important, a sufficient 
supply of safe meat food is a necessity. In order that this entire 
question may be placed before the people, it is reconmiended that 
tbe department encourage the publication of popular articles on meat 
inspection that will inform the public of the facts pertaining to dis- 
eased meat and the work that the department is doing. The truth 
should be known. It would bring relief to the skeptical and much 
credit to the Federal meat-inspection service. 

Mazyck p. Ravexel. 
Veranus a. Moore. 
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A BIOLOGICAL METHOD FOR THE 
CONTROL OF DRACONTIASIS* 

By V. N. MOORTHY, b.8c.. m.b., b.8., dj».h., d.t.m. 
and 

W. C. SWEET, MJ)., DFj.H. 

In two earlier articles (Moorthy, 1932 and 
1932a) reference was made to the probable 
usefulness of certain species of fish in the 
control of dracontiasis, due to their habit of 
feeding on Cyclops and guinea-worm embryos. 
This biological method has been in use in the 
Chitaldrug district of the Mysore State since 
1931 and this report covers observations on its 
utility as a practical field measure for the 
control of guinea-worm disease. 

A survey of the Chitaldrug district made in 
1929 showed that about 250 out of 1,400 
villages depended entirely on step-wells for 
their water supply and that 112 of these 
villages had dracontiasis to a greater or lesser 



♦ The work here reported was begun by the Mysore 
State Department of Health and continued with the 
support and under the auspices of the Department of 
Health, Government of Mysore, and the InternationaV 
Health Division of the Rockefeller Foundation. 
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degree. In 1935 only 25 villages showed eases 
of this disease. Some of this decrease was 
undoubtedly due to other causes but the 
methods adopted for control were the follow- 
ing : 

1. Certain of the step- wells were converted 
into draw-wells by enclosing them with a 
parapet wall after providing a platform from 
which water could be dra^Ti. 

2. Provision in villages of new draw-wells. 

3. Fortnightly treatment of step-wells with 
lime, perchloron or copper sulphate during the 
transmission season, from December to May. 

4. Stocking step-wells with species of cyclo- 
pedocidal fish. 

The first two measures mentioned are per- 
manent and result in complete control of 
guinea-worm disease when they are effectively 
introduced. No other control methods should 
be considered as anything but temporary sub- 
stitutes for tliese permanent measures. How- 
ever, the conversion of step-wells and the pro- 
vision of draw-wells are expensive and some- 
times ineffective due to village prejudice and 
to the quality of water supphed bv the new 
well. 

The chemical treatment of step-wells is tem- 
porary in its effects (Moorthy, 1932a), and 
expensive in chemicals and staff, while the use 
of certain species of fish has been found to be 
effective, cheap, more permanent, and fre- 
quently popular with villagers. 

Early field and laboratory observations 

During early field studies in the Chitaldrug 
district certain observations were made which 
led directly to the trial of fish as a control 
method. The village of Kelgote, discussed 
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later, gave a demonstration of the usefulness 
of fish, as did four other villages in which 
dracontiasis had disappeared following floods 
which had stocked the step-wells with small 
species of fish. In another village the drying 
up of one step-well with the consequent use for 
eight years of another well, naturally stocked 
with fish, led to the disappearance of guinea- 
worm disease until the original step-well was 




Step- well A, Kelgote. 

again put into use. It was also observed that 
no village in which the step-well contained 
these small species of fish had dracontiasis and 
that the density per dip of copepods in these 
wells was much lower than in wells with no 
such fish. 

From specimens of fi^h collected in step-wells 
of the Chitaldrug district, Dr. S. L. Hora of 
the Indian Museum identified 16 different 
species (Hora, 1936). The following six 




species were found to be of use in guinea-worm 
control : 

1. Barbus {Puntius) puckelH. 

2. Barbus (Puntius) ticto, 

3. Lepidocephalocythys thermalis. 

4. Rasbora doniconius, 

5. Barbus sophore, 

6. Barbus chola. 




Step-well A2, Medikerepura. 

To these fish have since been added a species 
of Gambusia, imported from Italy, which has 
also been found useful. All of these species of 
fish feed on such copepods as cyclops, daphnia, 
cypris, and diaptomus, both under laboratory 
and field conditions, although B, puckelli and 
B. ticto are -the most active in this respect. 
The Barbus species, L. thermalis, and Gambusia 
a 1.^0 feed on guinea- worm embryos imder 
laboratory conditions although these embryos 
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emerge weakened but alive in the faeces of all 
except puckelli. L. thermalis is a bottom 
feeder and commonly lies buried in the mud so 
that its intestinal contents contain many early 
forms of copepods and various types of ova; it 
is possibly most useful in destroying the ova 
and early forms of cyclops. Gambusia used 
alone for control allows wide variations in the 
density of copepods, depending on the presence 
or absence of young fish, but is especially effec- 
tive as a species in lowering the density of 
diaptomus. The use of all these species of fish 
together makes an ideal combination and 
with their presence in a step-well the density 
of all copepods, including cyclops, remains very 
low. 

Any species of fish to be useful in dracon- 
tiasis control should feed on and digest cope- 
pods, especially cyclops, should be a prolific 
breeder, and should have its breeding season 
just before or coincident with the guinea- worm 
transmission season. The use of one species of 
bottom feeder is apparently an advantage. No 
reliable information is available as to the dis- 
tribution 'in India of the species of fish already 
mentioned but it is quite possible that other 
species in other parts of India would fulfil these 
requirements. 

The method of counting cyclops and other 
copepods in water should be described. Col- 
lections are made with a linen tow net ending 
in a glass tube. The net has a rod six feet in 
length and the same net is used for all counts. 
From 100 to 150 dips are taken in various parts 
of the well and the copepods collected in the 
glass tube are separated visually by pipettes 
into three clean bottles labelled ' cyclops \ 
' diaptomus \ ' others \ The copepods are then 
killed with formalin and later counted under 
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a microscope in the laboratory. The average 
number per dip can then be calculated. 



Kelgote, with a population of 608, can be 
divided into three groups according to the 
source of water used. One end of the village, 
86 people, used water from step-well A, which 
contained most of the species of small fish 
mentioned before; these had been naturally 
introduced and there were histories of only 
sporadic cases of guinea-worm infection 
amongst this group. The second division, 361 
people, used water from step-well B, containing 
no fish, and histories indicated an average 
annual occurrence of 46 dracontiasis cases, 
while the 161 adikamatakas had no history of 
infection and used water from draw-well C. 

After thorough treatment with copper sul- 
phate and perchloron, specimens of each species 
of fish present in well A were transferred to 
well B on 30th May, 1931, and careful counts 
of copepods from B and from a comparison 
step-well D were kept in following years. 
Step-well D contained no fish and the water 
was not used for drinking. The fish in well B 
multiplied rapidly and since early 1932 the 
number of cyclops per dip has never exceeded 
10; the water of well D has continued to yield 
from 680 to 1,200 cyclops per dip. 

Among the people using water from step-well 
B there were 22 cases of dracontiasis in 1932, 
4 cases in 1933 and no cases since (up to 
June 1936). This occurred in spite of the 
presence in a hut (E, map 1), near the step- 
well, in 1935 of two guinea-worm cases from 
Bellary who were seen actually infecting the 



Kelgote village (map 1) 
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water with embryos during the transmission 
season. 

Medikerepura milage (map 2) 

Medikerepura village has a population of 
1,003 persons, made up of 719 caste people, 
46 adikamatakaSy and 238 lumbanys. The 
majority of the caste people use water from 
step- well Ag, since the water of their draw-well 
is brackish, and their history indicated an 
annual average of 113 cases of dracontiasis. 
The adikamatakas use water from a shallow 
step-well in the fields, Bj, and gave a history 
of about 22 cases per year, while the lumbanys 
use water from a draw-well, Cj, within 30 
yards of Bg, and are completely free from this 
infection. Another step-well, Dg, was used for 
comparative purposes. 

The step-well Aj was thoroughly treated 
with perchloron on 3rd Februarj^ 1934, and 
was stocked with 100 specimens each of 
B, puckelli, B. ticto, B. chola, B. sophore and 
L. thermalis on the 26th February. Step-wells 
Bj and Dg received no chemical treatment 
nor were fish introduced. The initial cyelops 
count of well Ag was 560 per dip, a count 
which was reduced to zero four days after tlie 
perchloron treatment and had been restored 
to 28 per dip on the day the fish were intro- 
<luced. Large numbers of young fish were first 
seen on 18th June, 1934, when the cyclops 
count was 87 per dip. On 25th March, 1935, 
the count was 10 cyclops in 50 dips ana since 
then there has been some variation but no 
count has been above 18 per dip. Counts in 
Bo, the adikamataka well, have never been 
below 240 cyclops per dip and inC, never 
below 428. 
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Against the average of 113 cases of draeon- 
tiasis among the 719 caste people there were 
eight cases in 1935 and no cases at all in 1936. 
Amongst the 86 adikarnatakas, whose step- 
well was not treated in any way, there were 
14 cases in 1935 and 18 cases in early 1936, 
as compared with the annual average of 22 
case:^ previous to 1934. The adikamataka 
step-well was stocked with fish in June 1936. 

The very marked reduction of infection in 
this village one year after the introduction of 
fish and its complete disappearance thereafter 
were probably due to the fact that the fish 
were introduced early in the guinea-worm 
transmist^ion period and just at the breeding 
season of B, puckelli. Neither of the condi- 
tions was true in Kelgote village where the 
initial reduction was not so marked and cases 
occurred in the second year. 

Routine control measures 

Since 1934 fish have been introduced into 
step-wells in 35 infected villages with the 
result, where careful records have been kept, 
that guinea-worm disease has disappeared in 
six and been markedly reduced in four. In 
certain of these villages the fish have not sur- 
vived and this difficulty will undoubtedly be 
met with occasionally in other areas where 
this method is tried. Investigation has shown 
that this may be due to the bailing out of water 
to remove silt, to the drying up of the well in 
summer, to imexpected treatment with per- 
chloron or overdoses of potassium permanga- 
nate, or to the catching of the fish for eating 
when the water is low. It is also probably 
true that certain waters on account of their 
chemical or biological peculiarities will not 
support these fish. 



Digitized by 



byGoO^Ioi 



11 



The firj^t measure in routine control of 
guinea-worm disease by fish is the establish- 
ment of hatcheries from which the various 
species will be always available. In the 
Chitaldrug district this has been done in 73 
taluk and hobli headquarters. It should also 
be noted that each successfully-controlled 
step-well can become a hatchery for the supply 
of fish to neighbouring villages. 

Any step-well to be stocked with fish should 
be previously treated with perchloron (3 lbs. 
to 100,000 gallons) until it is free of cyclops. 
Should this measure result in odour due to 
decaying organic matter, a small dose of 
potassium permanganate will remedy matters. 
The perchloron, if used properly, will kill many 
of the predaceous species of fish and leave the 
well free for the smaller species used in 
control. It is best to encourage the villagers 
to bail out the wells and remove silt before 
the treatment with perchloron is used. 

About 100 specimens of each species of fish 
used for control should be freed in the well 
about one month after the dosing with per- 
chloron. The fish may be transported in large 
cans with mosli tops either by lorry or cart, 
avoiding shaking as much as is possible. 

A small staff of one or more sanitary 
inspectors, depending on the size of the area 
to be covered, and the necessary peons should 
supervise the stocking of wells, check up the 
breeding and presence of the fish in the wells, 
and record results of the work. It should be 
noted that this method can be used not only 
in infected villages but also in other areas in 
which the disease occurs sporadically, due to 
the use of step-wells for a drinking water 
supply to which wandering cases of dracon- 
tiasis have access. 



12 



The custom of keeping fish in the drinking 
water supply is apparently widespread in 
India so that the fish control measures fit in 
with an existing habit. From our experience 
it is not diflficult to teach the villager the 
proper species to use and he rapidly becomes 
an enthusiastic and vigilant co-operator in the 
control of his own step-well. In this connec- 
tion, it is of some interest to note that, unlike 
Gambusia, the Barbus species used in control 
of Cyclops will cluster around the submerged 
portions of the body of people using the step- 
well and pull at hairs and loose epidermis 
enthusiastically. This habit has been noted 
by the t illage people and it is made use of in 
some areas as a treatment for certain types 
of skin diseases and ulcers. 

The fish control of dracontiasis is more 
permanent, more efficient and much cheaper 
than the usual chemical methods of control 
but it should be again emphasized that the 
abolition of step-wells is the only permanent 
and fool-proof measure for the control of this 
disease. 



The control of dracontiasis by the use of 
certain small species of fish which ingest 
Cyclops and other copepods is suggested, and 
the freeing of guinea-worm infection of two 
villages in the Chitaldrug district of ^lysore 
^itate is described. Routine methods in use 
for fish control are mentioned and it is claimed 
that tliese methods are more permanent, more 
efficient and cheaper than the usual chemical 
methods of control. It must, however, be 
empliasized that the abolition of step-wells is 
the only permanent, fool-proof, method of 
control. 



Summary 
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CAMALLANVS SWEETI N. SP., A NEW SPECIES OF CAMAL- 
LANIDAE (NEMATODA). 

While conducting investigations on dracontiasis in the Chitaldrug district (My- 
sore State), South India, it was found that specimens of cyclops collected from one 
of the step wells in Chitaldrug town were found infected with Camallanus larvae 
under natural conditions. Acting upon a suggestion from Doctor W. C. Sweet, a 
careful search for the adult worms was made in five of the larger species of fish 
present in the same step well, of which only Ophiccphalus gachua (Ham) has been 
'so far found infected. 

Out of 148 specimens of Ophicephalus gachua 142 or 95.9 per cent were found 
to be infected with adult Camallanus worms in their intestines. The total number 
of worms present in each of these infected specimens varied from 25 to 180, the 
males being found usually in larger numbers than females. The immature females 
and males were found usually in the first half of the intestine, the mature females 
containing embryos being found in the last half of the intestine. 

This nematode appears to be a new species and for it the name Camallanus 
sweeti is proposed in honor of Doctor W. C. Sweet of the Rockefeller Foundation, 
Mysore State, India, to whom the writer is greatly indebted for the very valuable 
suggestions, help, and encouragement given. 

Camallanus sweeti n. sp. 

Description: Stoma, 0.06 to 0.07 mm. long; consi.sts of paired jaws and well 
developed, wide, chitinous, ring that separates the jaw from the oesophagus (fig. 
2) ; nine longitudinal ridges, beaded in appearance, and of about the same length 
extend from anterior end to upper margin of chitinous ring; oral opening, wide 
and surrounded by internal circle of two pairs of small papillae and external 
circle of two pairs of comparatively more prominent papillae ; amphids, indistinct 
(^g- 3) p trident, with median process longest, about 0.046 mm., and two sub- 
medians of about equal length, each measuring about 0.025 mm. (fig. i); two 
quadrilateral chitinous plates, situated at anterior margin (fig. 2). 

Female: 3.2 to 5.5 mm. long by up to 0.15 mm. wide; cuticular striations, fine, 
not over 4|a apart; oesophagus, anterior miiscular portion, 0.32 to 0.42 mm. (from 
anterior extremity to commencement of glandular portion), posterior glandular por- 
tion, 0.4 to 0.52 mm. (from commencement of glandular portion to extreme end of 
it) ; nerve ring, at junction of proximal one-third with distal two-thirds of muscu- 
lar portion of oesophagus; excretory pore, about 0.16 mm. from anterior extremity 
(fig. 6) ; vulva, 2.0 to 3.0 mm. from anterior end, conspicuous and provided with 
well developed prominent lips; in fertilized females containing embryos, posterior 
lip pushed to one side by overhanging anterior projection making prominent pro- 
trusion on one side of body ; in young immature forms such projection not usually 
found; vagina, narrow and runs back posteriorly to about 0.3 mm. (fig. 7) ; tail 
with three mucrones at tip ; length varies from 0.05 to 0.07 mm. ; in immature forms, 
the mucrones are very prominent, mediodorsal being noticeably stouter and longer 
than two ventro-laterals (fig. 8) ; in mature forms comparatively less prominent and 
of about same size (fig. 9). 

Male: 3 to 3.9 mm. in length and up to 0.13 mm. in width ; oesophagus, anterior 
muscular portion, 0.31 to 0.38 mm. in length (from anterior extremity to commence- 
ment of glandular portion) ; posterior glandular portion, 0.38 to 0.44 mm. in length 
(from commencement of glandular portion to extreme end of it) ; tail 0.05 to 0.063 
mm. in length; in immature forms mucrones are present at the tip as in females; 
in mature forms, only ventro-laterals prominently seen, median one considerably 
reduced in size and seen as a small papilliform projection (fig. 4) ; genital papillae, 
13 to 15 pairs: preanal, 4-6 pairs; circumanal, 2 pairs and postanal 7 pairs; num- 
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Plate I 

Camallanus s^vccti, n. sp. 

Fig. I. Head of female, median view. 

Fig. 2. Head of female, lateral view. 

Fig. 3. Head, en face view. 

Fig. 4. Tail of male, ventral view. 

Fig. 5. Tail of male, lateral view. 




Plate II 

Camallanus siveeti n. sp. 

Fig. 6. Female, oesophageal region. 

Fig. 7. Vulva of an adult female, lateral view. 

Fig. 8. Tail of female, ventral view. 

Fig. 9. Tail of female, lateral view. 
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bering from the posterior extremity, pairs i and 2, lateral and in a gronp; pair 3. 
veotro-lateral and isolated; pairs 4 and 5, ventro-lateral and in a group; pairs 6 
and 7, ventro-lateral and in a group ; pairs 8 and 9, circumanal and isolated ; pre- 
anal papillae variable, 4-6 pairs, subventral to ventro-lateral; in majority of 
specimens 5 hairs present ; spicules, unequal ; right, longer and more prominent, 
measuring 0.21 to 0.30 mm. in length ; left, comparatively very much more slender 
and measures o.i to 0.18 mm. length; a sucker-like organ situated at about 0.32 
mm. from the posterior extremity (fig. 5). 

Discussion: Camallanus sweeti resembles, to a certain extent, both CamaUanus 
melanocephalus (Rudolphi, 1819) and Paracamallanus cythopharynx (Baylis, 1923), 
in its having a relatively well developed wide chitinous ring that separates the jaws 
from the oesophagus. But it differs from them in size and shape of the chitinous 
ring, and in the spicules being definitely unequal, the right one being nearly twice 
as long as the left. In C. melanocephalus the spicules are subequal and in P. cytho- 
pharynx the spicules have not been detected. C. sweeti appears to be a transitional 
form between the genus Camallanus and Paracamallanus. It has been found that 
the larval forms of this species pass through a stage having a stoma very much 
similar to that found in the adult in the genus Paracamallanus : but in the adults 
the stoma resembles more that of the genus Camallanus than of Paracamallanus^ 
This observation suggests that the presence or absence of a large chitinous buccal 
cavity is not a satisfactory generic character and casts some doubt as to the 
necessity of keeping Paracamallanus as a separate genus. 

Life history: The complete life history of Camallanus sweeti is at present being 
worked out and the results will be published in a subsequent paper. From the 
observations so far made, this parasite appears to require the intervention of two 
intermediate hosts, the cyclops (Cyclops leuckarti) and a smaller species of fresh- 
water fish (Barbus puckelli or Lepediocephalocyihys thermalis), before final devel- 
opment can take place in the definite host (Ophicephalus gachua). The larvae 
undergo initial development in the body cavity of cyclops which become infected by- 
feeding on larvae liberated from the adult worms. Further development of the 
larvae takes place in the intestine of the fresh-water fish when they feed on these 
infected cyclops. The larvae, after undergoing the preliminary developmental 
changes in the second intermediate host, remain encysted in the intestinal wall, and" 
the infection of the final host takes place by its feeding on these smaller species of 
infected, fresh-water fish. 
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CAPILLARIA INFECTION IN FISH 

While examining the intestinal contents of fishes used in the biological con- 
trol of dracontiasis, it was observed that some of them were naturally infected 
with an early-stage capillarid larva. A brief account of the larva is given in this 
paper. 

Of the several species of copepodocidal fish examined from different fresh- 
water ponds in the Chitaldrug District, Mysore State, India, only Barbus puckelli 
(62 %), Barhus ticto (22 %), and Lepidocephalichthys thermalis (15 %) have 
been found naturally infected with the Capillaria larva, which was usually found 
imbedded in the mucous coat or encysted in the peritoneal layer of the midgut. 

The description and measurements given are of the larva preserved, stained, 
and mounted by the author's method (Moorthy, 1937, J. Parasitol., 23: 100-102). 

Description: Body, 0.60 to 0.76 mm long by 0.020 to 0.024 ram wide; narrow 
anteriorly and widening gradually posteriorly (fig. 1). Spear present; imper- 
fectly chitinized, its length equal to about one-third body width in spear region 
(fig. 2). Nerve ring 0.052 to 0.070 mm from anterior extremity. Esophagus 0.50 
to 0.62 mm long, occupying nearly six-sevenths of anterior portion of body and 
lying to one side of stichosome for a short distance anteriorly and then super- 
ficial to it (fig. 1). Esophageal lumen very narrow and indistinct anteriorly, 
widening gradually posteriorly and very distinct at its junction with intestine. 
Prominent cell with a conspicuous nucleus, probably a coelomocyte, present at 
junction of esophagus with intestine (fig. 4). Stichosome consisting of a single 
row of cells 0.46 to 0.55 mm in length, commencing about 0.05 to 0.10 mm from 
anterior end and extending slightly beyond junction of esophagus with intestine; 
first cell longest and slightly bilobed at its anterior extremity (figs. 1 and 2). 
Cells in anterior half of stichosome, varying in size and nature of contained 
granules; shorter cells containing coarse granules regularly alternate with longer 
cells containing comparatively fine granules (fig. 3) ; posteriorly the cells are uni- 
formly small and contain coarse granules. Bacillary band lateral, extending 
along entire length of larva (fig. 3), its width equal to about one-third that of 
body. Intestine very short, being only about one-seventh of body length ; it con- 
sists of large numbers of cells containing transparent globules and granules. Rec- 
tum 0.034 to 0.050 mm in length, thin-walled, narrow and tubular. Anus terminal. 
Posterior end rounded and slightly bilobed. 

The size of the larva, the presence of single row of cells in the stichosome, 
the anterior portion of the body being considerably longer than the posterior por- 
tion, and the imperfect chitinization of the spear suggest that the larva is prob- 
ably in the third stage of development. The presence of only third stage larvae, 
in some cases encysted in the intestinal wall, suggests that copepodocidal fish 
possibly act as second intermediate hosts; perhaps a copepod is the first inter- 
mediate host and a predacious fish, bird, or turtle is the definitive host. 
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Cafnllaria larva 

Fig. 1. Median view. 

Fig. 2. Anterior portion of the esophageal region. 

Fig. 3. Lateral view; shows the bacillary band, the short and long stichosome 
cells. 

Fig. 4. Intestinal region, lateral view. 

Abbreviations: St.l. =Long cell of stichosome 
St.s. = Small cell of stichosome 
CO. = Coclomocyte 
B.B. = Bacillary band 
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GUINEA-WORM INFECTION OF 
CYCLOPS IN NATURE* 

By V. N. MOORTHY, b.sc., m.b., ba., d.p.h., d.t.m. 
and 

W. C. SWEET, M.D., Drj».H. 

DuBiKG the course of field and laboratory 
studies on guinea-worm infection that have 
been carried on in the Chitaldrug district of 
the ^lysore State since 1929, repeated un- 
?ucees!sful attempts have been made to find 
naturally-infected cyclops in the step-wells of 
the area. Until 1935 the laboratory had been 
opesied in March and closed in June, at the 
tune when the largest number of dracontiasis 
eases were available, and all cyclops surveys 



♦ The work here reported was begun by the Mysore 
State Department of Health and continued with the 
support md imder the auspices of the Departraeijit of 
Bealth» Ctovemment of Mysore, and the International 
Heahli Division of the Eockefelier Foundation. 
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had been made during these months. It was, 
however, possible to keep the laboratory open 
-during the whole year of 1935 and until June 
1936. Late in the former year a step-well 
used by the adikarnatakas of Medikerepura 
(Moorthy and Sweet, 1936) wae selected, for 
intensive study and early in 1936 naturally- 
infected Cyclops were found in this well. 

Since cyclops must be infected by embryos 
emerging from the female worm shortly after 
the skin blister has opened, weekly dipping 
for cyclops was begun in the Medikerepura well 
from 18th December, 1935, when the first case 
of dracontiasis was found in the village. The 
step-well concerned is an open pit, about 8 
feet in diameter and 18 feet in depth, in the 
fields about two furlongs from the village. It 
is not stone-lined but has irregular stone steps 
to the water-level on one side. The dipper 
used had a twelve-foot rod to which was 
attached a linen tow net ending in a glass tube 
and care was taken to make dips from all parts 
of the well and at varying depths below the 
surface of the water. 

Specimens of cyclops collected from various 
step-wells of the Chitaldrug district were iden- 
tified by Dr. Frederick Kiefer (personal com- 
munication) as belonging to four old species 
and one new one (Kiefer and Moorthy, 1935). 
Of these M, leuckarti and M, hyalinus are the 
most common species. 

Mesocyclops leuckarti Claus. 
Mesocyclops hyalinm Rehberg. 
Mesocyclops decipiens Kiefer. 
Paracy clops fimbriatus Fischer.. 
Microcyclops karvei Kiefer and Moorthy. 

Of these species of cyclops only M. leiLckarti 
and M. hyalinus were found infected in nature 
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although all of them were susceptible in the 
laboratory and allowed full development of the 
guinea-worm larv®. 

The first natural infections of cyclops were 
found on 9th January, 1936, twenty days after 
the discovery in the village of the first dracon- 
tiasis case of the year and at a time when 
there were eight active cases. On that date 
the infection rate of the M. leuckarti examined 
was 4.2 per cent and of M. hyalinus was 2.1 
per cent. The full findings of natural infec- 
tions in these two species of cyclops, the only 
one found infected, are given in table I. The 
highest infection rate found at any examination 
was 4.6 per cent on 28th January, 1936. 

Although M. leuckarti had the higher infec- 
tion rate there were larger actual numbers of 
infected M. hyalinus in the well due to the 
preponderance of this species at this time of 
year. As far as transmission of dracontiasis 
was concerned M. hyalinus was the most 
active species in this village. In spite of care- 
ful search no infected cyclops were found after 
10th March, 1936. 

The usual village pot of water, holding about 
two gallons, was found by several examinations 
to contain on the average two infected cyclops 
at the height of the infection and in no instance 
was any naturally-infected cyclops found to 
have more than one guinea-worm larva. 

Infections with guinea-worm larvse were not 
found in fully-mature female cyclops bearing 
ovisacs but were most common in the younger 
adult females. The distribution of the infec- 
tions according to the stage of development of 
the cyclops, as found among 1,302 mix6d 
specimens of M. leuckarti and M, hyalinus, is 
^ven in table II. 
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Table II 

Distribution of natural cyclops infections 
according to stage of development of the 
cyclops 



Life stage of cyclops 


Number 
examined 


Number 
infected 


Per cent 


Young adult females 


522 


23 


4.4 


Immature males and 


618 


18 


2.9 


females. 








Mature males 


122 


4 


3.2 


Mature females with 


40 





0.0 


ovisacs. 








All forms 


1,302 


45 


3.7 



As far as could be determined, the guinea- 
worm larvfiB went through the same develop- 
mental changes in the body cavities of 
naturally-infected cyclops as they do in the 
case of laboratory infections. The possibility 
of transmission of dracontiasis by these 
naturally-infected cyclops was demonstrated 
by the finding at autopsy in dog no. 28 of 51 
immature guinea-worms (Moorthy and Sweet, 
1936). This dog was fed with 88 naturally- 
•infected cyclops and died 67 days later. 

Summary 

After repeated unsuccessful attempts made 
in earlier years after the first of March, cyclops 
naturally infected by guinea-worm larvae were 
found in a step-well in the Chitaldrug district 
of Mysore State in January and February 
1936, at a time when there were in the village 
several cases of dracontiasis in the early stages. 
Although M. leuckarti had the higher infec- 
tion rate, the actual number of M. hyalinus 
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infected was greater; this was due to its numeri- 
cal preponderance. No infections were found in 
other species of cyclops and none of the infected 
specimens were fully-mature females bearing 
ovisacs; all infections were in the younger 
forms of both sexes. That the naturally- 
infected cyclops could transmit dracontiasis 
was demonstrated by the finding of immature 
guinea-worms at autopsy of a dog which died 
67 days after a feeding of 88 naturally- 
infected cyclops. 
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A NOTE ON THE EXPERIMENTAL 
INFECTION OF DOGS WITH DRACON- 
TIASIS* 

By V. N. MOORTHY, b.sc., m.b., bj3., d.p.h., d.t.m. 
and 

W. C. SWEET, M.D., Dr.p.H. 

Various workers have attempted to induce 
guinea-worm infection in laboratory animals 
but Leiper (1906), who succeeded in giving this 
infection to monkeys, and Issajev (1935), who 
succeeded with dogs, have been the only ones 
to report success. The first part of this note 
concerns the finding of four fully mature 
female nematodes in the external tissues of a 
dog approximately one year after it had 
received feeds of cyclops infected with guinea- 
worm embryos and of such embryos freed, 
after full development, from infected cyclops. 

The dog concerned, one of 28 experimental 
animals, was purchased in Bangalore (a non- 
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endemic area), at the approximate age of two 
months, and was taken to a field laboratory in 
Chitaldrug, Mysore State, the centre of an 
extensive endemic dracontiasis area. At about 
the age of five months, and after preliminary 
tests and examinations, it was given its first 
feed of 22 infected cyclops on 6th May, 1935, 
subsequent to a period of eighteen hours* starva- 
tion; the cyclops were taken up in a pipette 
and squirted well back into the dog's throat. 
The next day the dog was alloiwed to lap water 
containing infective larvae dissected out of 20 
infected cyclops, and this was repeated on the 
13th May, except that the released larvae were 
squirted into the throat from a pipette. On the 
14th May, 21 infected cyclops were slightly 
injured by pricking into the body cavity and 
were squirted into the throat. Subsequent feed- 
ings, using one of the above methods, were given 
on the 21st, 22nd, 23rd and 25th of May. This 
first series of infective feedings consisted of a 
total of 123 infected cyclops and the fully 
developed larvae released from 40 infected 
cyclops. These cyclops were infected in the 
laboratory, about three weeks before being given 
in feedings, by guinea-worm embryos obtained 
by the use of ethyl chloride spraying of newly 
opened blisters in human cases of dracontiasis. 

When guinea-worm embryos again became 
available early in 1936, and since the dog had 
shown few signs of infection, it was given two 
further feedings of 110 guinea-worm-infected 
cyclops on the 19th of March and 19th of April, 
1936. 

'^^ubsequent to the eight infective feedings 
given in May 1935, the dog remained well until 
early in August of the same year when it 
developed digestive troubles and pustular skin 
eruptions. It recovered after injections of one 
c.cm. of omnadin on three successive days, fol- 
lowed by a one c.cm. milk injection on the 
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fourth day, and remained apparently completely 
healthy until the following April. 

This dog had an eosinophile count of 6.1 per 
cent on 10th March, 1935, and of 19.3 per cent 
on 9th April, 1936. Its highest eosinophilia was 
35.0 per cent on 8th August, 1935. A control 




Fig. 1. — Left hind leg of living infected animal showing 
a guinea-worm appearing from an opening in the left 
hind foot. 
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dog has had a maximum of 9.0 per cent eosino- 
philia. 

On 20th April, 1936, which was 350 days after 
the first and 331 days after the last feed of 
infected cyclops in 1935, the dog became notice- 
ably restless, refused food and was found to 
have a rectal temperatiu-e of 104°F. It was 
continually licking its hind left foot and during 
the afternoon a pea-sized blister was found 
about two inches above this paw. After open- 
ing the blistered area and applying pressure 
from above downwards, there was an initial 
bloody discharge. When the same area was 
sprayed with ethyl chloride, there was an exuda- 
tion of a white milky fluid which on examina- 
tion was found to contain living worm embryos. 
Further spraying of the area and pressure from 
above downwards made possible the extraction 
of about six inches of a nematode worm. Thi^ 
was rolled up on a piece of cotton before a cold 
pad was applied. On 27th April, when nearly 
three-fourths of the worm had been extracted 
by continuous winding and application of cold 
pads, the animal pulled ofif all the dressings on 
the leg and with them tore loose the extract eri 
portion of the worm. The wound healed with- 
out compHcations (figure 1). 

On 27th April, 357 days after the first infec- 
tive feed in May 1935, a second worm w~ 
recovered from the left front foot. For about 
a week before the appearance of this worm the 
animal appeared to be having acute pain in tliis 
leg and about two days previously a definite 
swelling was noticed on the dorsum of the 
second digit of the left front paw. When this 
swelling was the size of a big lime it was 
aseptically opened. There was a profuse bloody 
discharge and, on applying pressure at the sides, 
about ten inches of the worm emerged. No 
embryos were recovered upon spraying with 
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ethyl chloride and the mouth portion of the 
worm was found to have undergone decomposi- 
tion. With the application of cold bandages 
for three days, the remainder of the worm was 
recovered uninjured. 

The presence of a third worm being felt as an 
oblong flattened tumour about four inches in 
length and i inch in breadth (feeling to the 
touch like a skein of thick twisted cord), on the 
inner surface of the proximal third of the right 
thigh, an incision about one. inch in length was 
made along the length of the swelling on 29th 




g. 2. — Embryos from the dog guinea-worm. A and B are two types of 
embryos found in human guinea-worms. X 80. 



6 



April, 1936, and the worm was partially 
extracted. After drawing out about three-fourths 
of the worm, the tail was found imbedded in 
the deeper tissues of the thigh in such a position 
that an extensive operation would have been 
necessary to release it, so the extracted portion 
was rolled on a piece of cotton and a cold 
bandage applied. On 1st May the dog again 
pulled off all the dressings and tore loose the 
extracted portion of the worm. The wound later 
healed completely without complications. 

Also, on the 29th April, a small blister of the 
size of a bean was seen on the left side of the 
scrotum. On opening the blister and spraying 
the area with ethyl chloride, a small number of 
live embryos were collected. The worm itself 
had not yet emerged from the opening of 
the skin. Careful examination revealed the 
presence of two more worms in tumoiu^s on the 
left thigh and chest. The dog was alive on 
16th May, 1936. 

The worms recovered from this dog are 
structurally identical, in mouth and tail parts, 
with specimens of fully-mature Dracunculus 
medinensis obtained from human cases in the 
Chitaldrug district and the embryos from the 
dog guinea-worms cannot be distinguished from 
those obtained from human guinea-worms. 
Further, the embryos from the dog worms were 
infective* to cyclops and went through the same 
cycle of development in the body cavity as do 
embryos from human worms. Embryos from 
the dog worms were of the two types previously 
described in human cases (Moorthy and 
Sweet, 1936) (figure 2). It was noted that the 
number of embryos obtained from the guinea- 
worms in the dog was much smaller than that 
recovered from worms in human cases. Thia 
may have been due to the development of these 
worms in an unusual host. 



7 



In view of the history of this dog and the 
identity between the. worms and embryos 
recovered with those from human cases, the 
conclusion that this is a case of Drdcuncultis 
medinensis infection of the dog is justified. A 
control dog kept under the same conditions as 
the animal reported on has shown no signs of 
such infection, so the cause of the infection in 
this dog may be taken to be the infecting feeds 
of Cyclops containing fully-developed guinea- 
worm embryos. 

Worms recovered in post-mortem examinations 
of dogs 

The second part of this note concerns certain 
nematode worms found in the tissues of four 
dogs dying after feedings of cyclops infected 
with guinea-worm embryos. Since 1934 three 
series of pups, 28 in all, have been given feed- 
ings of infected cyclops by methods similar to 
those described for the one of these dogs 
reported on above, with seven exceptions. Four 
got their infected cyclops through a stomach 
tube, one received a subcutaneous injection of 
about one thousand fresh guinea-worm embryos 
obtained directly from a worm in a patient, and 
the sixth got a similar injection of about 150 
live embryos dissected out of infected cyclops 
after full development; the seventh, no. 28, 
received, by squirting into the throat from a 
pipette, a total of 88 naturally-infected cyclops 
found in the step-well of an infected village. 
Two extra puppies were maintained as controls, 
being kept under the same conditions and in 
close association with some of the infected 
animals. 

At intervals varying from one to four months 
after the first infective feeding, all the experi- 
mental animals became ill with digestive dis- 
turbances and pustular eruptions of the skin. 
Some recovered with the omnadin and milk 
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injections but 24 died in from two to five 
months after infection, usually with nervous 
symptoms or in convulsions. Since one of the 
control dogs died with this train of symptoms, 
further experiments are required to prove that 
they were related to the previous infective 
feedings. 

Post-mortem examinations were done on all 
these dogs but nothing of interest to this experi- 
ment was found until the last four autopsies. 
In the connective tissues of these four dogs, two 
types of nematode worms were found. It is 
now felt that such worms were possibly present 
in some of the other dogs but were missed on 
account of lack of knowledge as to just where 
and how to search. 

These last four examinations were done on 
dogs numbered 19, 20, 21 and 28. Dog no. 19 
got a total of 90 infected cyclops and 60 fully 
developed larvae squirted into its throat from a 
pipette on the 5th, 10th and 21st of October 
1935; it died on 3rd February, 1936, just 105 
days after its last infective feeding. Dog 
no. 20 got by the same methods a total of 90 
infected cyclops and 50 released larv», on 10th, 
11th and 21st October and on 14th November, 
1935; it died on 8th March, 1936, which was 
115 days after its last feeding. Dog no. 21 
was given 81 infected cyclops and 61 released 
larva; on 10th, 18th and 21st October, 1935, and 
it died 144 days after the last date given. Dog 
no. 28 received its 88 naturally-infected cyclops 
on 19th, 22nd and 23rd January, 1936, and died 
67 days later on 30th March. 

Estimations of the eosinophile percentages in 
the blood of all dogs were made every two 
weeks. The average percentage of eosinophiles 
of the four dogs autopsied last was 6.1 before 
the infective feedings began and 24.0 at the last 
examination before death, the maximum final 
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count being 34.0 per cent in dog no. 20. The 
smallest increase was in dog no. 28, which 
lived only 67 days after infection, and this was 
from 4.0 to 12.0 per cent. At no time has the 
remaining control dog shown an eosinophilia of 
over 9.0 per cent, its initial count on 18th 
February, 1935, being 1.4 and the last count on 
18th April, 1936, being 4.2 per cent. 

From the first three of these dogs, 122 
nematode worms of special interest were re- 
covered. These could be classed as of two 
types, a long worm and a short worm, of quite 
different structure. Possibly due to the shorter 
period between infection and death, the 51 
worms found in the tissues of dog no. 28 were 
all short; they were, however, of the same two 
classes as regards structure. Table I gives 
details for each dog of numbers and type of 
worm, regions in which they were found, and a 
summary of the infection data, with the number 
of days elapsing between infection and death. 

The longer nematode worms are thin and 
thread-like and varied, before preservation, 
from 7.0 to 49.0 cm. in length. A dark-coloured 
band runs from the anterior third practically 
to the end of the tail. The anterior end is 
dome-shaped and the cuticle is noticeably 
thickened around an oval mouth opening. On 
either side of the mouth two prominent papilla 
are situated. Posterior and lateral to these, 
two additional rounded papillae can be distin- 
guished, about half the size of the more central 
pair (figures 3 and 4). Another small papilla 
can be seen in the cervical region. The tail is 
bluntly pointed and curved ventrally (figure 5). 
Situated 0.6 mm. above the posterior extremity 
(total length of worm 15 cm.) is the anus. 

The shorter worms are also thread-like with 
a maximum length, before preservation, of 2.4 
cm. and a breadth of 0.7 mm. In the case of 
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these worms the dark band starts at about the 
middle of the body and runs to about 0.2 mm. 
above the tip of the tail. The two central 
papillae of the mouth are clearly seen but the 
lateral ones are not as prominent as in the 
female (figure 6). The papilke in the cervical 
region are present. The tail is spirally curved 
ventrally and has two openings with thick 
labise, the anterior one being, on the average, 
0.2 mm. above the tip of the tail and the 
posterior just beyond it. Between these open- 
ings and the tail tip are two globular papillae, 
apparently not pedunculated. The tail itself is 
bluntly pointed and ends in a sharply curved 





% 3.— Mouth end of female worm found post mortem in dog no. 20. X 180. 
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hook. Two brownish spicules, of about equal 
length, start in funnel-shaped anterior ends and 
extrude, in sharp points, from the upper of the 
two openings mentioned. The left ventral 
spicule averages, in three specimens, 0.55 mm. in 
length and the right dorsal 0.53 mm. (figure 7). 

In the case of dog no. 28, which lived only 
67 days after its infective feeding, worms of the 
same two types were found and in similar 
situations. These worms, however, are much 
shorter, varying from 1.5 to 2.4 cm. in length 
after preservation. In the females, only the 
two central papillse can be found at the mouth 
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Fig. 8. — Tail of young form of female worm found post mortem in dog 

no. 28. X 160. 
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end and the tail shows the tri-partite ending so 
characteristic of the guinea-worm embryo after 
it has undergone its full development in cyclops 
(figure 8). The other type of worm in this 
dog is the same structurally as the male worm 
of the other dogs, with the characteristic 
mouth end, spirally curled tail, and two equal 
spicules. 

In view of the history given of these four 
dogs, and of the finding of adult guinea-worms 
in another dog, it is suggested that the longer of 
these two types of worms are specimens of 
immature female Dracunculus rnedinensis and 
that the shorter is the more mature male. Full 
confirmation of this suggestion will have to 
await more adequate facilities than are at 
present available for a detailed study of the 
external and internal structures of these worms. 
It may be of interest to point out that, if the 
suggestion that these are male and female 
guinea-worms is correct, the report confirms' 
Leiper's (1907) finding in a monkey and his 
view that fertilization of the female guinea- 
worm takes place in the tissues of the final 
host and not in the gastro-intestinal tract. 

Special appreciation must be expressed for 
the assistance of Mr. L. N. Rao of the Central 
College, Bangalore, in taking the microphoto- 
g^phs. 
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OBSERVATIONS ON THE DEVELOPMENT OF DRACUN- 
CULU8 MEDINENSIS LARVAE IN CYCLOPS ^ 



Department of Public Health, Bangalore, Mysore State, India 
(Received for publication January 15th, 1938) 

Although Fedtschenko indicated as early as 1871, that the larva 
of Dracunculus medinensis underwent definite developmental changes 
in Cyclops, no detailed morphological study of the different develop- 
mental stages of the larva in the crustacean intermediate host or in 
the final vertebrate host appears to have been made. The available 
information on the metamorphosis of the Dracunculus larva in Cy- 
clops is very scattered in the literature and the details given by one 
worker very often do not agree with those of another. Fedtschenko 
(1871), who continued his observations on the larva of D. medinensis 
in the infected cyclops up to the fourth week after infection, states 
that the metamorphosis was completed on the twelfth day. Manson 
(1893), working with English cyclops in London, found that ecdysis 
was postponed until the sixth week. Leiper (1907), working in 
Africa, found that the striated cuticle of the embryo was cast gen- 
erally on the eighth day'* and that the larva lost, 2 days later, **a 
very delicate enveloping pellicle'' and that its further development, 
such as increase in size and differentiation of internal structures, 
took place up to about the fifth week when it apparently became 
mature." Fairley and Liston (1924), working in India, observed 
that the metamorphosis of the larvae was completed by about the 

1 From the Department of Helminthology, School of Hygiene and Public 
Health, The Johns Hopkins University, Baltimore, Md. 
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fifteenth day after infection of cyelops and also found that such 
larvae were infective to human volunteers. Issajev (1934), working 
in Russia, found that the larva was infective to experimental dogs 
after it had molted twice in cyelops ; i.e., usually about 13 days after 
the infection. Manson-Bahr (1936) states that the larvae **cast their 
skins two or three times, get rid of their long swimming tail, acquire 
a cylindrical shape and ultimately along with increased size develop 
a tripartite arrangement of the extreme posterior end as in F. han- 
crofti and Loa loa.'' Craig and Faust (1937) state that the larva 
undergoes metamorphosis in the body cavity of cyelops '*with one 
ecdysis (possibly two) and that sometime after the tenth or twelfth 
day this process is completed" when the larva becomes infective to 
the vertebrate host. 

In view of these rather indefinite and sometimes conflicting reports 
on the development of the Dracunculus larva in cyelops, it seemed 
desirable to make a detailed study of its metamorphosis and to follow 
its further development in a suitable, experimental, vertebrate host. 
In previous publications (Moorthy and Sweet, 1936 a and 1937), the 
results were given of the experimental infection of four series of dogs, 
32 in all, with D. medinensis. In another publication (Moorthy, 
1937 b), the description was given of some of the developmental stages 
of D. medinensis, both males and females, obtained from the experi- 
mental dogs after 67 to 457 days following infection. In this paper 
it is proposed to give a brief description of the first stage larva of D. 
medinensis and of its further developmental stages in cyelops. 

In a previous preliminary report (Moorthy and Sweet, 1936 d), 
a brief description was given of two types of the larva (type A and 
type B) that were obtained from the same adult D. medinensis and 
it was then suggested that these two types probably represented the 
sexes of the larva. It has become possible since then to make a more 
careful structural study of these two types of larvae, the results of 
which are also given in this paper. 



Dracunculus medinensis larvae. Fresh larvae were obtained from 
early cases of dracontiasis (blister stage; plate V; fig. 18) in human 
beings, before any septic infection of the wound had occurred, from 
the village of Medikerpure in the Chitaldrug District, Mysore, India. 
This village was preferred as the larvae and cyelops infected under 
natural conditions, obtained from it, had been used in a previous ex- 
periment for the infection of dogs (Moorthy and Sweet, 1936 a). 



Materials and methods 
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The larvae were usually extracted by opening the blister aseptieally 
and spraying the area with ethyl chloride. In some cases the entire 
worm was removed by surgical means and the larvae were obtained 
from it by drawing out the uterus. As a rule only fresh, very ac- 
tively motile larvae, extracted not more than 1 hour before the ex- 
periment, were used for the infection of the cyclops. 

Cyclops. Mesocyclops leuckarti and Mesocychps hyalinus were 
the most common and the most universally distributed species in the 
Chitaldrug District. Since these were the only two species that were 
found infected with Dracunculus larvae in nature (Moorthy and 
Sweet, 1936 c), they were used in all the laboratory infections also, 
being obtained from a step-well in an uninfected village. 

Infection of cyclops in the laboratory. Several thousands of cy- 
clops {M, leuckarti and M. hyalintts) were isolated in about 10 to 15 
liters of fresh step-well water strained through fine muslin or a cot- 
ton plug and several thousand fresh Dracunculus larvae, obtained 
not more than about 1 hour before the experiment, were added. A 
few specimens of cyclops, selected at random, were examined at the 
end of every half hour and, when the majority of them were infected, 
usually at the end of about 12 hours, the infected specimens were 
separated from the uninfected ones. About 12 hours later, the in- 
fected cyclops were once again examined and those with only one or 
two larvae were separated from the more heavily infected ones. 
Since, under natural conditions, the cyclops were never found to be 
infected with more than one Dracunculus larva (Moorthy and Sweet, 
1936 c), the specimens with one or two larvae were the only ones that 
were used for the subsequent developmental study of the larvae. 
About five to ten specimens of cyclops selected at random from the 
culture were examined every 24 hours for the first 3 weeks and every 
week thereafter. When the larvae were observed to be undergoing 
any definite developmental change, like the first or second molt, large 
numbers of cyclops (about 50 to 100) were dissected and the larvae 
showing these definite developmental changes were fixed, stained, and 
mounted by the author's method (Moorthy, 1937 a) and were sub- 
sequently used for structural study. 

General observations on the infection of cyclops with the Dracunculus 
medinensis larvae in the laboratory 

1. The cyclops became infected always by swallowing the larvae 
which, in about 1 to 6 hours, reached the body cavity where they 
underwent the developmental changes described later. 
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2. . Immature forms of both the species of eyelops {M. leuckarti 
and M, hyalinus) beeame infected more easily than the adults. In- 
fection appeared to be relatively more common and heavier in M. 
leuckarti than in M. hyalinus and in the females of both species than 
in the males. 

3. The longest period for which an infected cyclops (If. leuckarti 
infected with two larvae) could be kept alive in the laboratory was 
107 days (April to August) ; the majority of the infected cyclops 
lived for only 20 to 25 days after infection ; the mortality rate gradu- 
ally increased to around 80 per cent by about the fortieth day after 
infection. 

4. Under natural conditions, so far, only a single larva has been 
found in an infected cyclops. Under laboratory conditions as many 
as fifteen to twenty larvae have been found. As a rule these heavily 
infected cyclops were sluggish and had a tendency to remain at the 
bottom of the containers ; they did not usually live in the laboratory 
for more than 25 to 30 days. 

5. Contrary to expectations, it was observed that the greater the 
volume of water in which the infected cyclops were isolated, the less 
were their chances of surviving for a longer period. In one experi- 
ment it was observed that out of 600 infected cyclops isolated in a 
shallow dish containing about half a liter of water, ten were alive on 
the seventieth day of the infection. Out of the same number of in- 
fected cyclops isolated in a big jar (height about 1.5 feet) containing 
about 12 liters of water, all were dead on the thirty-first day. This 
is probably because the infected cyclops always have a tendency to 
remain at the bottom of the container and consequently possibly 
suffer to a greater extent from insufficient aeration in tall jars con- 
taining large volumes of water, than in shallow ones. From this 
observation it seems possible that, since the water level in the wells 
is usually very low during summer, the chances of the infected cyclops 
surviving for a longer period appear to be greater then. This is 
probably one other factor responsible for the transmission season of 
Z>. medinensis being during the summer. 

6. In cyclops infected with less than five Dracunculus larvae, all 
completed the development at about the same time after infection. 
In cyclops that were infected with larger numbers of larvae, it has 
been generally observed that some of the larvae undergo their de- 
velopment only as far as the first or second ecdysis, however long they 
remain in the cyclops ; in the case of a few that succeeded in under- 
going complete development, the time taken for development was 
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not the same for all and was in addition found to be invariably pro- 
longed by about 7 to 12 days as compared with that in cyelops in- 
fected with one or two larvae. 

7. In Cyclops infected with Dracunculiis larvae obtained from 
cases in which septic infection of the wound had taken place, the de- 
velopment of most of the larvae proceeded only as far as the first or 
second ecdysis. For the few which did succeed in completing the 
full development the time was prolonged by about 10 days. In ad- 
dition it was observed that when such infected cyelops were treated 
with dilute HCl (0.2 per cent) or fresh fish bile, the larvae, instead 
of being stimulated to activity, died in the body cavity after making 
a few feeble movements. 

8. Cyclops were infected first with Camallanus sweeti larvae and 
when these larvae had undergone full development (i.e., about 10 to 
12 days after infection) they were superinfected with Dracunculus 
larvae (Moorthy, 1937 c). The guinea worm larvae were observed 
to undergo their normal developmental changes in such cyelops but 
the time taken was found to be prolonged by about 5 to 8 days as 
compared to those in the control experiment in which cyelops were 
infected only with Dracunculus larvae. 

9. In a series of cyelops infection experiments it was uniformly 
observed that as many as 30 to 40 days after infection ; i.e., at a period 
suflScient for any immature infected cyelops to have grown to a ma- 
ture adult, immature infected cyelops continued to persist in the jars. 
This observation suggests that the infection with Dracunculus larvae 
had retarded the growth to maturity of at least some of these cyelops. 
The only other possibility is that immature cyelops, accidentally in- 
troduced while changing water, might have become infected with the 
third stage larva of Z>. medinensis, either by feeding on other infected 
cyelops containing third stage larvae or on the third stage larvae re- 
leased from dead and degenerated cyelops. So far all attempts to 
infect immature cyelops with the third stage larvae obtained from 
other infected cyelops have been unsuccessful. Hence it appears to 
be probable that when immature cyelops become infected with the 
Dracunculus larva, further development to maturity is arrested in 
at least a few of them. It has also been observed that, as a rule, the 
infected cyelops do not form fresh brood capsules, suggesting that 
the infection also aflfects in some way (probably by pressure atrophy 
of the ovaries), the normal functioning of the genital system. 

10. About 200 specimens of cyelops, 100 each of M. leuckarti and 
M, hyalinus, were infected with two or three D. medinensis larvae. 
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After the larvae had undergone their full development; i.e., about 
2 to 3 weeks after the infection, these cyclops were superinfected 
with fresh Dracunculus larvae. It was observed that 60 to 70 per 
cent of them died within 24 hours after superinfection. The rela- 
tive resistance to superinfection and the mortality after superinfec- 
tion was higher in M, kyalinus than in M. leuckarti. Also, the de- 
velopment of the superinfected Dracunculus larvae was greatly re- 
tarded and in general it resembled that observed in cyclops infected 
with more than five Dracunculus larvae. 

11. Small numbers of fresh Dracunculus larvae were kept at room 
temperature for 1 hour in each of the following solutions: (1) 1 to 
1,000 acriflavine; (2) 1 to 500 methylene blue (watery solution); 
(3) 0.2 per cent HCl, and (4) undiluted, fresh, fish bile from Barhus 
puckelli and Barhus ticto. In a previous preliminary experiment it 
had been observed that the larvae remained actively moving in all 
these solutions for over 3 hours. Cyclops were then infected with 
the larvae isolated in these different solutions and the development 
of the larvae followed. Specimens of cyclops infected with fresh 
larvae that had been isolated in distilled water for the same period 
were used as a control. It was observed that the smallest percentage 
of cyclops became infected with the larvae treated with 0.2 per cent 
HCl or fresh fish bile and the largest percentage with those treated 
with 1 to 1,000 acriflaAane or 1 to 500 methylene blue. The majority 
of the larvae that had been treated with 0.2 per cent HCl or fish bile 
did not undergo development beyond the first ecdysis. In the case 
of the larvae treated with acriflavine or methylene blue, the complete 
development took place in a few instances, but the time taken for it 
was prolonged by 4 to 6 days as compared to those in the control ex- 
periment. 

12. Fresh water fish (B. puckelli, B, ticto, and adult and very 
young Gamhusia) were fed with large numbers of fresh Dracunculus 
larvae. After the feeding each species of fish was segregated in dis- 
tilled water and their feces separately collected and examined. The 
samples of feces containing the Dracunculus larvae were kept sepa- 
rately in fresh, strained, step-well water and cyclops were infected 
with them using, for the control, cyclops infected with fresh larvae. 
It was observed that the greatest number of live, actively motile, 
Dracunculus larvae were passed in the feces of young Gamhusia and 
the least in B. puckelli, in which case the majority of the larvae were 
digested by the fish and only the undigested cuticles of the larvae 
were found in its feces. Also, the infection of cyclops was greatest 
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with the sample of larvae obtained from the feces of young Gamhusia 
and least with that from the feces of B. puckelli. It was only with 
larvae obtained from the feces of young Gambusia that complete de- 
velopment in Cyclops took place at approximately the same time as 
in the control experiment. Only a few of the live larvae in the feces 
of B. puckelli underwent complete development in cyclops, and the 
time taken for it was invariably prolonged by about 8 to 10 days as 
compared to those in the control experiment. The results were very 
varying with the larvae passed in the feces of B. ticto and adult Gam- 
husia; in some, complete development took place at approximately 
the same time as those in the control experiment and in others the 
development was retarded or arrested completely. 

Description of the early developmental stages of D. medinensis 

First stage larva. Small numbers of fresh Dracunculus larvae 
from the same sample that was used for infecting the cyclops to study 
the developmental changes, were fixed, stained in bulk, and mounted 
by the author's method (Moorthy, 1937 a). While fixing the larvae 
with the solution (mercuric perchloride 0.52 gms., sodium chloride 1.04 
gms., and distilled water 100 cc), a peculiar effect on the larvae was 
observed. The majority of them were observed to vomit out gradu- 
ally their entire esophagus and intestines (PI. V; fig. 19) before 
they finally died in the course of 15 to 20 minutes. When fixed by 
this method, the posterior half of the body was found to be more 
shrivelled and shrunken than the anterior portion. To overcome 
this diflSculty a boiling solution of the fixative was used since this 
killed the larvae almost instantaneously without any shrivelling of 
the posterior half of the body. In this solution the larvae died fully 
extended, with the esophagus and intestine in situ and in a condition 
quite suitable for structural study. The method of killing the larvae 
slowly by the use of cold fixative was, however, found admirably 
suited for securing a large number of the esophago-intestinal tracts 
of the larvae, freed completely from their body, for structural study. 
This fixative has been, so far, observed to have this peculiar effect 
only on the first stage Dracunculus larvae and not on any of the later 
stages. It is possible that this solution, when used in different 
strengths, will have the same effect on these later stages of the larvae 
and possibly also on the adults. It would be of interest to see, espe- 
cially from the point of view of the treatment of dracontiasis, whether 
this solution, when injected into the body of the adult females in suit- 
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able dilutions, would induce them to throw out their entire uteri with 
the larvae in them. 

In about fifty cases of dracontiasis that were examined in the early- 
blister stage, in different infected villages in the Chitaldrug District, 
two types of first stage larvae; i.e., type A, a rare form with a very 
short tail containing a long filiform appendage, and type B, the com- 
mon normal form with a very long tail, were obtained from the same 
adult worm. The number of each type present in about 100 perma- 
nent slide preparations was counted and the ratio of type A to type 
B was found to be about 1 to 900. In table 1 the different meas- 
urements of the larvae are given. In table 2 the de Man's propor- 
tional measurements are given for a = total body length/body width, 
j3 = total body length /esophagus length, and y = total body length/ 
tail length, and the location of the genital primordium is given as a 
percentage of the total body length from the anterior extremity. The 
description given below refers to the normal first stage Dracuncidus 
larvae, designated as type B in a previous publication (Moorthy and 
Sweet, 1936 d) and to their different developmental stages in cy clops. 
The description of the abnormal larvae, designed as type A, is given 
in the later section of this paper. The description and the measure- 
ments given are of the larvae fixed, stained, and mounted by the 
author's method (Moorthy, 1937 a). 

Description of the early first stage larva (PI. 1 ; figs. 1 to 4) . Body 
length 0.581 to 0.635 mm.; greatest width of body, slightly anterior 
to the esophago-intestinal valve, 0.01 to 0.024 mm.; a = 27 to 35.8, 
P = S.2 to 4.5, y = 2.5 to 3.2; genital primordium 45.4 to 57.2 per 
cent ; oral opening wide, conspicuous, and surrounded by an internal 
circle of six papillae (interno-laterals small and separate, interno- 
ventrals and interno-dorsals, very conspicuous and always distinctly 
separated) and an external circle of four double papillae. Amphids 
large, pore-like, conspicuous, and posterior to interno-lateral papillae. 
Triangular denticle situated at about the middle of interno-dorsal pair 
of papillae (fig. 3). Esophagus 0.13 to 0.15 mm. long; nuclei very con- 
spicuous and situated in posterior third; wall very thin and lumen 
considerably dilated and appearing to contain a hyaline substance 
which takes deep eosin color. Nerve ring 0.061 mm. to 0.08 mm. from 
anterior extremity. Excretory pore slightly posterior to nerve ring; 
excretory cell nucleus conspicuous and situated slightly anterior to 
esophago-intestinal valve. Intestines consisting of twelve to fifteen 
cells which contain transparent globules ; wall very thin ; lumen very 
much dilated and containing in its anterior three-fourths a hyaline 
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substance taking deep eosin color. " Genital primordium, 0.27 to 0.36 
mm. from anterior extremity ; eight to ten times as long as broad and 
composed of four cells, arranged as shown in figure 2 ; third cell from 
anterior end being largest and most conspicuous. Rectum 0.013 to 

Table 2 



de Man's proportional measuremerUa of the larvae of Dracunculus medinensis * 







de Man's proportional measurements (averages) 


No. 


Stage of development 
of the larvae 


a — 

Total body length 


Total body length 


7 " 

Total body length 


Genital 
primordium 
(per cent of 
body length 






body width 


esophagus length 


tail length 


from the 
anterior 
extremity) 












1 


Normal larwie 
Early first stage larva 
(from matiire D. 
iMdintnstt ) 


30.8 


4.1 


2.7 


50.5 


2 


Late first stage larva 
undergoing the first 
molt (from experi- 
mentally infected 
Cyclops) 


25.5 


3.2 


5.8 


63.8 


3 


Second stage larva 
undergoing the sec- 
ond molt (from 
experimentally in- 
fected cydops) 


20.1 


2.3 


0.5 


69.5 


4 


Third stage larva 
(from experimen- 
tally infected cy- 
dops), both short 
and long forma 


25.4 
±0.56 


2.1 
d=0.04 


10.3 
±0.17 


67.6 
±0.55 


1 


AbnormeU larvae 
Early first stage larva 
(from mature D. 
medinensis) 


23.4 


3.4 


5.2 


64.5 


2 


Late first stage larva 
undergoing the first 
molt (from experi- 
mentally infected 
Cyclops) 


28.3 


3.1 


5.5 


66.7 


3 


Third stage larva 
(from experimen- 
tally infected cy- 
dops) 


27.4 


1.9 


14.7 


73.4 



* Total number of specimens examined and used for measurements were the 
same as in table 1. 



0.03 mm. long ; thin, tubular and nearly four times as long as broad. 
Anus 0.36 to 0.4 mm. from anterior extremity. Phasmids slightly 
posterior to anus, conspicuous, large, and pouch-like (figs. 2 and 4). 
Tail 0.19 to 0.26 mm. long; filiform, thin, long, and gradually tapers 
to a sharply pointed tip. 



Digitized by 



DEVELOPMENT OF D. MEDINENSIS LARVAE IN CYCLOPS 447 

Very early first stage larva. From some of the Z>. medinensis ex- 
tracted from experimental animals (Moorthy and Sweet, 1936 a), it 
was possible to obtain early developing forms (0.1 to 0.2 mm. in 
length) of the first stage larvae. It was observed that at this stage 
also both the normal and the abnormal types of larvae were present in 
about the same proportion as in the later fully developed stage. The 
only structures that could be distinctly made out at this stage were 
the large, pouch-like phasmids, situated slightly posterior to anus. 

First stage larvae in cyclops undergoing the first molt (PI. 3 ; figs. 
10 and 11). Large numbers of larvae just completing the first molt 
were obtained from experimentally infected cyclops. Average meas- 
urements of ten specimens are given in tables 1 and 2. The larvae 
appear to undergo the first molt between the fifth and seventh day 
after infection in hot weather (90 to 102° F) and between the eighth 
and twelfth day in cooler weather (55 to 70° F). While still under- 
going the first molt and before it has cast off the exuviae, the larva 
starts undergoing the second molt also (fig. 11) and when the larva is 
just completing the first molt, the exuviae of the second molt becomes 
evident throughout its length and more particularly at the tip of the 
tail. While measuring this stage larva, the measurements of the first 
exuviae are excluded but those of the second are included. 

Description. Body length 0.310 to 0.439 mm.; greatest width 
slightly posterior to nerve ring 0.013 to 0.019 mm. ; a = 16.3 to 32.0 ; 
p = 2,6 to 4.3; y = 4.4 to 7.2; genital primordium 53.1 to 73.1 per 
cent of body length from anterior extremity. In anterior portion of 
exuviae, molted portion of old stoma, cephalic papillae, and esophagus 
distinct (fig. 10). Dorsal denticle not present. Transverse cuticular 
striations, fine and not so deep or distinct as in early first stage larva. 
Nerve ring 0.043 to 0.064 mm. from anterior extremity. Excretory 
pore slightly posterior to nerve ring. Esophagus 0.095 to 0.148 mm. 
long; differing from that of early first stage larva in having a very 
thick wall and narrow lumen. Intestines consisting of 25 to 30 cells 
which contain transparent globules; wall thick and lumen narrow. 
Genital primordium 0.2 to 0.29 mm. from anterior extremity ; consist- 
ing of four cells and being about half as long and of about same width 
as that of early first stage larvae. Rectum long, tubular, and nearly 
five times as long as broad. Anus 0.26 to 0.37 mm. from anterior 
extremity. Phasmids slightly posterior to anus (fig. 11). Tail 0.046 
to 0.094 mm. long; at tip four characteristic mucrones just being 
formed and covered by cone-shaped thin exuviae of second molt (fig. 
11). The posterior portion of exuviae was filled with partly hyaline 
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and partly granular material, probably the products of metabolism 
of the larvae, excreted while undergoing the first molt, and collected in 
the exuviae. 

Second stage larva undergoing the second molt (PI. 3 ; figs. 12 and 
13). The larva appears to undergo the second molt between the 
eighth and twelfth day after infection during hot weather (90 to 102° 
F) and between the thirteenth and sixteenth day in cooler weather 
(55 to 70° F). A large number of specimens was studied and the 
average measurements (excluding that of the exuviae) of ten of these 
selected at random are given in tables 1 and 2. 

Description, Body length 0.28 to 0.48 mm. ; greatest width, near 
esophago-intestinal valve, 0.018 to 0.026 mm. ; a = 11.0 to 24.0 ; = 
2.0 to 2.8 ; y = 7.0 to 15.6 ; genital primordium 64.0 to 77 per cent of 
body length from anterior extremity. In anterior portion of exuviae, 
molted portion of stoma, cephalic papillae, and esophagus distinctly 
made out (fig. 12). Transverse cuticular striations, very fine and in- 
distinct. Esophagus 0.148 to 0.227 mm. long; wall thick and lumen 
very narrow. Nerve ring 0.05 to 0.085 mm. from anterior extremity. 
Excretory pore slightly posterior to nerve ring. Intestine consists 
of about 30 to 35 cells, containing transparent globules and a few 
yellowish brown granules. Genital primordium 0.2 to 0.346 mm. from 
anterior extremity, slightly wider and about one third as long as in 
early first stage; number of cells varied from 4 to 6 and all were 
approximately of about same size. Anus 0.263 to 0.432 mm. from 
anterior extremity. Phasmids slightly posterior to anus. Tail 0.016 
to 0.067 mm. in length; short, stout, and bluntly pointed with four 
mucrones at tip (fig. 13). In posterior portion of exuviae molted 
portion of rectum was present; as in previous stage same granular 
material, possibly product of metabolism of larvae excreted while 
undergoing second molt, was present in exuviae (fig. 13). 

Third stage larva (PI. 4; figs. 15 and 16). Several hundred third 
stage larvae, dissected from cyclops 30 to 107 days after infection, 
were examined. In the course of about 3 weeks the Dracunculus 
larvae appear to undergo the maximum development and, from a 
series of experimental infections (Moorthy and Sweet, 1936 a), it has 
been observed that the larvae at this stage of development are infec- 
tive to dogs. While taking measurements of the larvae, it was ob- 
served that some were distinctly smaller than the others, though both 
sizes had been obtained from cyclops infected on the same day. Aver- 
age measurements of forty specimens of both short and long forms, 
selected at random, are given in tables 1 and 2. Structurally, both 
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the small and the large forms were practically identical. The de- 
scription and the measurements given below refer to both the sizes. 

Description. Body length 0.240 to 0.608 mm.; greatest width at 
junction of anterior third with posterior two thirds, 0.016 to 0.023 
mm.; a =16.7 to 34.6; p= 1.8 to 2.9; y = 8.0 to 13.8; genital pri- 
mordium 54.3 to 80.0 per cent of body length from anterior extremity. 
Transverse cuticular striations fine, distinct, and about 1 to 2 /* apart 
(fig. 15). Esophagus 0.11 to 0.364 mm. long; consists of short an- 
terior muscular portion (about one eighth of total length of esophagus) 
and long, distinctly glandular, posterior portion (fig. 16) ; beyond 
slight dilatation of termination of muscular portion, line of demarca- 
tion between muscular and glandular esophagus not very distinct; 
esophageal wall thick and lumen narrow; dorsal and sub- ventral 
esophageal glands with their prominent nuclei conspicuous (fig. 16). 
Esophago- intestinal valve, distinct. Nerve ring 0.043 to 0.10 mm. in 
length, from anterior extremity. Excretory pore slightly posterior 
to nerve ring; excretory cell with a conspicuous nucleus situated 
slightly posterior to excretory pore (fig. 16). Intestine consisting of 
about 35 to 40 cells which are loaded with large amount of transparent 
globules and yellowish brown granules. Genital primordium 0.202 to 
0.436 mm. from anterior extremity ; in majority of specimens examined 
in both long and short forms genital primordium presented same 
appearance and consisted of six to eight cells of about same size, 
arranged in longitudinal row as shown in fig. 15 ; in a few small forms, 
however, it presented the appearance of a pyramid with four posterior 
cells arranged side by side transversely and two comparatively broader 
cells placed anterior to them. Rectum long, narrow, and tubular (fig. 
15). Anus 0.217 to 0.557 mm. from anterior extremity. Tail length 
0.02 to 0.067 mm. ; short, stout, and uniformly tapers to a blunt pointed 
tip containing four rounded characteristic mucrones (fig. 15). 

Development stage of Dracunculus larva in cy clops obtained from 
specimens of cyclops infected under natural conditions. A compara- 
tive study was made of the different developmental stages of D. 
medinensis larvae obtained from cyclops infected under natural con- 
ditions. Structurally these larvae were identical with the correspond- 
ing stages obtained from cyclops infected in the laboratory. The fol- 
lowing were some of the other differences observed : 

1. All the naturally infected cyclops had only one larva in each, 
while in those infected in the laboratory there were as many as twenty. 

2. Both the naturally infected cyclops and the larvae obtained 
from them appeared to be more active than the experimentally in- 
fected ones. 
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3. The third stage larva in the naturally infected cyelops was, as 
a rule, stimulated to prreater activity by 0.2 per cent HCl and fresh 
fish bile and the time taken for the larvae to escape from the cyelops 
was quicker (in some instances being as short as 2 to 3 minutes) than 
in the case of those infected under laboratory conditions. 

4. The third stage larvae in naturally infected cyelops appeared to 
contain larger amounts of brownish yellow pigmented granules in the 
intestinal cells than those obtained from experimentally infected 
cyelops. 



From the foregoing study of the metamorphosis of the larvae of 
Z>. medinensis in cyelops it is observed that the larvae undergo two 
definite molts in the body cavity. The first molt takes place between 
the fifth and seventh day, and the second between the eighth and 
twelfth day, after infection of cyelops, in hot weather (90 to 102*" F). 
In cooler weather (55 to 70° F) the corresponding molts take place 
respectively between the eighth and tenth day and between the 
thirteenth and sixteenth day after infection. It was uniformly ob- 
served that the larva starts undergoing the second molt before it has 
cast off the exuviae of the first molt. Beyond a slight increase in size 
of the third stage larva which takes place for about a week after it 
casts the exuviae of the second molt, no further development was ob- 
served in any of the specimens obtained from cyelops up to 107 days 
after infection. 

For the first 4 or 5 weeks the larvae remained actively moving in 
the body cavity of the cyelops but subsequently they were found 
tightly coiled up, making only occasional feeble movements. Both the 
early active and the later quiescent stages were stimulated to the same 
extent when treated with 0.2 per cent HCl or fresh fish bile. The 
larva did not show any tendency to escape from the cyelops as long as 
the latter was alive. It has been generally observed that the amount 
of pigmented granules in the intestines becomes gradually reduced if 
the larvae remained in the body cavity of cyelops for more than 3 
weeks. From a series of experimental infections of dogs (Moorthy 
and Sweet, 1936 a) it was uniformly observed that the larva becomes 
infective to the vertebrate host 4 to 8 days after it completely sheds 
the exuviae of the second molt. 

It was possible to follow the further development of D. medinensis 
in a series of experimentally infected dogs from 67 to 457 days after 
the infection. The youngest specimens obtained 67 days after infec- 
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tion (Moorthy, 1937 b), measured about 12 to 24 millimeters in length 
and were found in the deep connective tissues of the animal. As has 
already been reported (Moorthy, 1937 b) both the mal^s and the 
females were found to be sexually mature at this stage. In addition 
it was noted that in females measuring 24 millimeters the vagina con- 
tained a mucoid plug, suggesting that fertilization had already taken 
place. The developmental stages of the parasite earlier than 67 days 
in the vertebrate host have not been obtained so far. It is, therefore, 
not yet clear as to where and when these developmental changes take 
place in the definitive host. It is possible that the third molt takes 
place while the larva is invading the tissues of the stomach or intestines 
and the fourth one in the deep connective tissues. 



^ .27 30 33 .39 42 45 40 M S^i JSO 

TOTAL BOOT LENGTH IN MM. 

Graph 1. The frequency distribution of the lengths of 240 third stage larvae of 

Dracunculus medi/nensis 

As pointed out in the previous section of this paper, very wide 
variation (0.240 to 0.608 mm.) was noticed in the length of the third 
stage larvae obtained from cyclops infected in the laboratory. Struc- 
turally, however, both the shortest and the longest forms were prac- 
tically identical. 

The different average measurements together with their probable 
errors of 40 third stage larvae, that had remained in the body cavity of 
cyclops for at least 30 days after infection, are given in tables 1 and 
2. Since the widest variation was observed in the length, measure- 
ments of only the length of 200 additional larvae were taken. The 
frequency distribution of the lengths of all the 240 larvae is given in 
graph 1. This distribution appears to be trimodal, suggesting that 
the sample is probably heterogeneous in nature and that the observed 
variation in the size of the larvae has probably some specific sig- 
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nificance. The structural identity between the shortest and the long- 
est larvae, and the trimodal and not bimodal nature of the frequency 
distribution, suggest that this is probably not due to the sexual differ- 
entiation of the larvae taking place at this stage. It is, however, 
possible that due to some environmental condition not yet clearly 
understood, such as the available supply of food for the infected 
Cyclops, the condition of the larvae before the infection of cyclops, or 
some other undetermined host-specific factor, the growth of some 
larvae becomes stunted as compared to others. (The writer wishes to 
express his thanks to Drs. Margaret Merrell and J. W. Fertig for the 
helpful suggestions given.) 



Description of the early developmental stages of the abnormal larva of 

D. medinensis 

As stated before, a few abnormal Dracunculus larvae with a very 
short tail containing a long filiform appendage, were present along 
with the normal forms described before, in the same adult D. medi- 
nensis. The description given below refers to this abnormal larva 
designated as type A in a previous publication (Moorthy and Sweet, 
1936 d). In table 1 the average measurements are given of the early 
first stage larva of this type and also of some of the later develop- 
mental stages, obtained from experimentally infected cyclops. In 
table 2, de Man's proportional measurements are given for a, and 
y, and the location of the genital primorium is expressed as a per- 
centage of total body length from the anterior extremity. The de- 
scription and the measurements given are of the larvae fixed, stained 
and mounted by the author's method. 

First stage larva (PL 2; figs. 5 to 9). Several hundred of the 
abnormal larvae, obtained from the same adult worm from which the 
normal larvae described before had been extracted, were studied. 
Average measurements of ten of them selected at random from the 
same slides which were used for the measurements of the normal larvae 
are given in tables 1 and 2. 

Description. Body length 0.410 to 0.492 mm. ; greatest width of 
body, slightly anterior to esophago-intestinal valve 0.017 to 0.025 mm.; 
a = 16.4 to 28.2; fi = 3.2 to 3.8; y = 4.9 to 6.1; genital primordium, 
56 to 72 per cent. Transverse cuticular striations, deep, distinct, and 
about 3 to 4 ,i apart. Nerve ring 0.058 to 0.077 mm. from anterior 
extremity. Excretory pore, excretory cell nucleus, and intestines, 
same as in corresponding stage in normal type described above. 
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Genital primordium 0.25 to 0.35 mm. from anterior extremity ; struc- 
ture, same as in normal type (fig. 5) . Rectum 0.02 to 0.033 mm. long. 
Anus 0.33 to 0.4 mm. from anterior extremity. Phasmids slightly 
posterior to anus. In general, the structure of the normal and the 
abnormal type in the portion of the body anterior to the anus was 
identical, but in the tail the following differences were observed : 

1. The tail 0.081 to 0.1 mm. in length ; short, thick, and only about 
half as long as that of normal type. 

2. The tail does not taper gradually to a fine pointed tip as in the 
normal type but abruptly narrows to about one-third the anal diam- 
eter from about its middle and ends, posteriorly, with a stout, rounded 
tip. 

3. In 25 to 30 per cent of the abnormal larvae there was a very 
conspicuous, blunt, knob-like process projecting dorsally from the 
body of the larvae at about 0.01 to 0.032 mm. from the anus (fig. 5) ; 
in the rest, the knob was not present, the general appearance of the 
tail in them being as shown in figure 6. 

4. A long (about 0.095 to 0.13 mm. in length) filiform process with 
a blunt tip projects dorsally as an appendage from the tail, as shown 
in figures 5 and 6, from about 0.05 to 0.06 mm. from the anus. It is 
mainly the presence of this extra appendage in the abnormal type and 
its entire absence in the normal type that differentiates one type from 
the other. This appendage is undoubtedly a true projection from 
the body since, as shown in figures 5 and 6, the cuticle and the endo- 
plasm of the appendage is continuous with that of the rest of the body. 

Out of several thousands of D. medinensis larvae that have been 
examined so far the most frequent abnormality (1 in 900) observed 
in the tail was that illustrated in figures 5 and 6. Other very rare 
abnormalities (1 in several thousand) noticed in the tail, that neither 
resembled the normal nor the abnormal type, are illustrated in figures 
7, 8. and 9. 

Late first stage larva in cyclops undergoing the first molt (PI. 3; 
fig. 14). Large numbers of cyclops were infected with fresh Dracun- 
culus larvae, containing both the normal and the abnormal type; 
about 3 to 6 days after infection they were carefully dissected and 
examined for the abnormal type of the larvae undergoing the first 
molt. Several thousands of cyclops were examined but so far only 
three larvae of this type undergoing the first molt have been obtained. 
The average measurements of these three larvae are given in tables 1 
and 2. 
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Description. In general structure this larva resembles the corre- 
sponding stage of the larva of the normal type in the portion of the 
body anterior to the anus. In the tail region the following were the 
differences noted: 

1. The long, filiform, dorsal appendage was just being separated 
from the body ; it was degenerated and probably will be cast off with 
the exuviae of the first molt (fig. 14). 

2. The dorsal knob present in some of the specimens of early first 
stage larva was not present. 

3. The variation in length of the tail between the early first stage 
larva and the late first stage in the abnormal type was not so marked 
as in the normal type (table 1). 

4. At the tip of the tail the mucrones observed in the correspond- 
ing stage of the normal type had not yet been formed (fig. 14) . 

5. The exuviae of the first molt was as distinct but that of the 
second molt was thinner, close to the body, and not so very distinct 
as in the corresponding stage of the normal type (fig. 14). 

Second stage larva undergoing the second molt. Several thousand 
Cyclops infected with the fresh larvae of both the normal and the ab- 
normal types were examined at periods varying from 8 to 40 days 
after infection, but so far the abnormal type of larvae undergoing the 
second molt have not been obtained. 

Third stage larva (PI. 4; fig. 17). Out of several thousand in- 
fected Cyclops examined about 3 weeks after infection, so far only 
one third stage larva, probably belonging to the abnormal type (as 
judged from the abnormality in its tail) was obtained. Structurally 
it is identical with the third stage larva of the normal type in the 
anterior portion of its body ; but the following differences were noticed 
in the posterior region : 

1. The rectum was tubular and only about half as long as that of 
the normal type. 

2. There was a blunt, knob-like process directed slightly posteriorly 
and situated on the dorsal aspect of the tail about halfway from the 
anus. No such structure was present in the tail of the larva of the 
normal type. 

3. The tail was of about the same width as that of the body in the 
anal region, up to the level of the knob, from where it abruptly nar- 
rows down and terminates in four bluntly pointed mucrones at the 
tip (fig. 17). 

4. Except for a slightly posterior location, the genital primordium 
was structurally identical with that of the normal type. 
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It has not yet been possible to understand the exact significance of 
the stnictural variation noticed between the larvae of the normal and 
the abnormal types of Z>. medinensis. It is also not clear whether, 
in the first stage larva of the abnormal type, it is the short tail or the 
long filiform appendage in the tail that fulfills the function of the tail 
of the normal type. It is, however, of interest to note that the meas- 
urements of the tail, together with those of the appendage in the ab- 
normal type corresponds approximately to the total length of the tail 
of the larva of the normal type. Since both the types have been ob- 
tained from the same adult worm they do not represent different 
species. Several hundred of the abnormal type were obtained from 
fifty patients in different infected villages in Chitaldrug District and 
also from one experimentally infected dog (Moor thy and Sweet, 1936 
a). The abnormal, larvae were also observed to undergo definite 
metamorphosis in cyclops, like the normal type. Based on prelimi- 
nary observations it had been suggested in a previous publication 
(Moorthy and Sweet, 1936 d) that the structural variations between 
the types were not a mere anatomical abnormality of no specific 
significance and that the two types possibly represented the sexes of 
the larvae of Z>. medinensis. 

So far it has not been possible to obtain any definite evidence to 
support this view or to explain why there is such a wide variation 
(1-900) in the natural occurrence between the two types. If these 
two types represent the sexes of the Dracunculus larvae it also becomes 
diflBcult to explain why, in all the experimental dogs during the first 
3 months after infection, the variation in the relative numbers of the 
males and females was only about 1 to 4 and not as great as between 
the early larval stages of the two types. The preponderance of 
females over males was, however, noticed in the later stages of infec- 
tion in some of the experimental animals; but this was undoubtedly 
due to the death, degeneration, and absorption of some of the males 
after fertilizing the females. 

An answer to this problem appears to be possible only after con- 
ducting a crucial experiment designed to follow the further develop- 
mental stages of the third stage larvae of the two types separately in 
the vertebrate host, some being infected only with the larvae of the 
normal type and the others only with the larvae of the abnormal type. 

Summary 

Some of the general observations on the infection of cyclops with 
the larvae of D. medinensis, are given. M. leuckarti and M. hyalinus, 
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the species found infected in nature, were used in the laboratory in- 
fections. The results are recorded of the diflferent experimental ob- 
servations made to determine the various possible factors, such as- 
atmospheric, chemical, physical, environmental and biological, that 
appeared to influence the normal development of the Dracunculus 
larvae in cyclops. The time necessary for the complete development 
of the larvae was found to be prolonged or the further development 
of the larvae was observed to be retarded or arrested when cyclops 
were infected, (a) with more than five larvae, (b) with the larvae that 
had been obtained from human beings after septic infection of the 
wound had occurred or (c) when the cyclops were first infected witl' 
Camallanus larvae and then superinfected with Dracunculus larvae. 
Retardation or arrest of development of the larvae was also observed 
when cyclops were infected with larvae weakened, previous to infec- 
tion, by passage through the gastro-intestinal tract of certain species 
of fresh-water fish or with larvae kept for about an hour in 1 to 1000 
acriflavine, 1 to 500 methylene blue, 0.2 per cent IICl or fresh fish 
bile. It has been observed that the infected cyclops live for a longer 
period in shallow dishes containing a small volume of water than in 
tall jars containing a larger volume of water. Since the level of water 
in step-wells is very low during the summer in the Chitaldrug District, 
it is suggested that this is probably another factor responsible for the 
transmission season of dracontiasis there being during the summer. 
When infected with the larvae of D. medinensis, the majority of female 
cyclops have been observed not to form fresh brood capsules (possibly 
due to pressure atrophy of the ovaries), however long they were kept 
in the laboratory. It is suggested that the development of at least 
a few immature cyclops to maturity is possibly retarded when they are 
infected with the larva of D. medinensis. A peculiar observation is 
recorded of the fresh first stage larvae of Z>. medinensis vomiting out 
their entire esophagus and intestines when placed in fixative solution 
containing 0.52 gms. of mercuric perchloride, 1.04 gms. of sodium 
chloride and 100 cc. of distilled water. 

The detailed descriptions of the early first stage larvae of D. 
medinensis (both the normal and the abnormal types) and their 
further developmental stages in cyclops (M, leuekarti and M. hyalinus) 
are given. The larva of the normal type has been observed to undergo 
the first molt between the fifth and seventh day and the second molt 
between the eighth and twelfth day after infection of cyclops, in hot 
weather (90 to 102° F). In cooler weather (55 to 70° F), the cor- 
responding molts have been observed to take place respectively between 
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the eighth and twelfth day and between the thirteenth and sixteenth 
day after infection. The larva has been further observed tj increase 
in size for about a week after it has completely shed the exuviae of the 
second molt. After this period no further development is noticed up 
to 107 days after the infection of the cyclops. The widest variation in 
length (0.24 to 0.608 mm.) was observed in the normal third stage 
larva. Since there was no structural variation between the shortest 
and the longest form, it is suggested that the variation in size is possi- 
bly due to the effect of some environmental or undetermined host- 
specific factor on the growth of the larvae and is probably not due 
to the sexual differentiation of the larvae taking place at this stage. 
The proposed experimental procedure to determine the possible sig- 
nificance, if any, of the structural variation between the normal and 
the abnormal types of the larvae of Z>. medinensis is also indicated. 
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EXPLANATION OF PLATES 
The following ahbreviaiiona are used in plates I to IV 



D. O.L. = dilated oesophageal lumeii. 

0. N. = oesophageal nueleL 

E. G. = excretory cell. 

B J.L. = dilated intestinal lumen. 
B. = dorsal denticle. 

1. y. = intemo-ventral papillae. 

P.E. = papillae on the external circle. 

I.L. = intemo-lateral papillae. 

Amp. = amphid. 

I.B. = interno-dorsal papillae. 

A. = anus. 



Ph.ph. = phasmidial pouch. 

Ph.p. = phasmidial pore. 

Ph. = phasmid. 

Ph.n. = phasmidial nucleus. 

G.P. = genital primordium. 

E.S. = exuviae of the second molt. 

E.F. = exuviae of the first molt. 

K. = dorsal knob. 

M.oes. = muscular oesophagus. 

G.oes. = glandular oesophagus. 

E.P. =excretory pore. 
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Plate I 

FioxTRE 1. Esophageal region and a portion of the intestinal regions, mid 
lateral view. 

Figure 2. Continuation of body from figure 1, mid lateral view. 
Figure 3. Head, en face view. 

Figure 4. Phasmidial region, ventral view ; shows the details of the structure • 
of phasmids. 

Plate II 

Figure 5. Posterior region of larva, showing the dorsal knob and the dorsal 
filiform appendage in the tail. 

Figure 6. Posterior region; does not show the dorsal knob. 

Figures 7, 8, and 9. Showing the other rare abnormalities noticed in the 



tail. 



Plate III 



Figure 10. Cephalic portion of the normal larva undergoing the first molt. 

Figure 11. Tail of the normal larva undergoing the first molt; shows the 
exuviae of the first molt just being shed and the exuviae of the second molt just 
being formed. 

Figure 12. Cephalic portion of the normal larva undergoing the second molt. 

Figure 13. Tail of the normal larva undergoing the second molt. 

Figure 14. Tail of the abnormal larva undergoing the first molt. 



Plate IV 

Figure 15. Normal larva, lateral view. (There was slight torsion of the 
posterior portion of the esophagus.) 

Figure 16. Normal larva, esophageal region, showing the excretory cell, the 
dorsal and sub-ventral esophageal glands with their conspicuous nuclei. (Normal 
appearance.) 

Figure 17. Tail of the third stage abnormal larva. 
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First stage larva of Dracunculus medinensis (normal type) 
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PLATE II 




First stage larva of Dracunculus medinensis (abnormal type) 
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PLATE ni 




Developmental stages of the larvae of Dracunculus medinensis ohtained from the 
experimentally infected cy clops 
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PLATE IV 




Third stage larva of Dracunculus medinensis obtained from the experimentally 

infected cyclops 
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PLATE V 




Figure 19. Fresh Dracunculus mcdiiu usis larvae treated with the fixative 
solution; A, Dracunculus larva that is just vomiting the esophagus; B, vomited 
portion of the entire esophago-intestiiial region of the larva. 
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OBSERVATIONS ON THE LIFE HISTORY OF 
CAMALLANUS SWEETI* 

V. N. MOORTHY 
Mysore State Department of Health, Bangalore, India 

In a previous publication the writer (Moorthy, 1937b) gave a de- 
scription of the adult of Camallanus sweeti and included a brief account 
of its life history, suggesting that this parasite requires the intervention 
of two intermediate hosts, cyclops and a smaller species of freshwater 
fish, before final development can take place in the definitive host, a fresh- 
water fish, Ophicephalus gachua. The present paper records the general 
field and laboratory observations that have been made on the life history 
of the parasite. A brief description of developmental stages in the final 
and intermediate hosts is also given. 



Of the five larger species of freshwater fish, Mystus camsius (Ham), 
Barbus sarana (Ham), Cirrhina fulungee (Sykes), Mastachembeltis 
pancalus (Ham), Ophicephalus gachua Ham, examined from different 
freshwater ponds in the Chitaldrug District, Mysore, India, only 0. 
gachua was found to be infected (95 per cent) with adult C. sweeti under 
natural conditions. From the observations so far made this appears to 
be the only species of adult camallanid present in this fish. 



Nearly three thousand specimens of cyclops were examined from one 
of the freshwater ponds in which large numbers of infected 0. gachua 
were present. Out of these only two were found infected, each with a 
single nematode larva. One of them (adult female Mesocyclops leuck- 
arti) was infected with Spiroxys sp. and the other (adult female Meso- 
cyclops leuckarH bearing ovisacs) with Camallanus sp. As mentioned 
subsequently, this larva differs structurally from the third stage larva 
obtained from cyclops infected in the laboratory with the first stage larva 

Received for publication December 19, 1937. 

* G)ntribution from the Department of Helminthology, School of Hygiene and 
Public Health, Johns Hopkins University, Baltimore, Md. 

Acknowledgment is made to the International Health Division of the Rocke- 
feller Foundation for having granted the fellowship which made this work possible. 

The writer is greatly indebted to Drs. W. W. Cort, E. W. Price, G. F. Otto, 
and P. Parthsarathy for the helpful criticism and advice given in the course of this 
work. To Dr. B. Schwartz, Chief of the Zoological Division, U. S. Bureau of 
Animal Industry, the writer's appreciation is due for the privileges of working in 
his laboratory, and to Dr. B. G. Chitwood the writer wishes to express his gratitude 
for valuable help and guidance. 



INCIDENCE OF INFECTION IN FISH 



FIRST INTERMEDIATE HOST 




324 



THE JOURNAL OF PARASITOLOGY 



of C. sweeti. Further attempts to obtain specimens of cyclops infected 
with Camallanus larvae under natural conditions were unsuccessful. It 
seems curious that the infection of cyclops under natural conditions is so 
very scarce, though the infection of the definitive host tmder natural con- 
ditions is as high as 95 per cent. In the case of Dracunculus infection 
also, although 50-60 per cent of the people using a particular source of 
drinking water became infected with dracontiasis, attempts to obtain 
specimens of infected cyclops under natural conditions in water supplies 
had invariably proved unsuccessful until 1936. It was found out subse- 
quently, however (Moorthy and Sweet, 1936), that infected cyclops 
could be obtained only when they were sought during the infective season 
when contamination of the water sources with fresh Dracunculus larvae 
was highest. This occurred when there were large numbers of very 
early blister stage cases of dracontiasis in the village. It is possible that 
in Camallanus infection, also, there is a particular period of the year 
when infection of cyclops is at its maximum, and it is probably only dur- 
ing this period that one would succeed in getting the infected cyclops. 
Since O. gachua normally lives in freshwater ponds containing large 
volumes of water, unless a large percentage of cyclops are infected it 
would be difficult to catch them in the usual representative collections 
made. It has been further observed in the laboratory that in the case of 
C. sweeti infections it is only the females of M. leuckarti bearing ovisacs 
that become infected easily. If this should be true under natural condi- 
tions also, then these specimens of infected cyclops, due to the weight of 
the larvae and the ovisacs, will have a tendency to remain at the bottom 
of the well. Consequently in wells containing large volumes of water, 
when using usual methods of collecting cyclops by means of a tow net, 
these infected specimens are possibly missed. 

In the majority of freshwater ponds in Chitaldrug District, Mysore 
State, India, in addition to 0. gachua, large numbers of the smaller spe- 
cies of cyclops-eating fish are also present. It appears likely that a large 
percentage of the infected cyclops are eaten by these smaller species of 
fish, as indicated, for instance, by a high incidence of infection of the third 
stage larva of C, sweeti (90 per cent) in Lepidocephalichthys thermalis 
(C.V.). This is probably another reason for the scarcity of infected 
cyclops under natural conditions. 

M. leuckarti Claus and M. hyalinus Rehberg are the most common 
species of cyclops in the freshwater ponds of Chitaldrug District. Of 
these, adult female M . leuckarti bearing ovisacs appear to be more easily 
infected with C. sweeti under laboratory conditions than are those of 
M. hyalinus; In one experimental infection the following percentages of 
infection were observed: M. leuckarti bearing ovisacs 75 per cent; M. 
leuckarti (both mature, and immature forms) 4 per cent; M. hyalinus 
(both mature and immature forms) 1 per cent. 
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The following observations have been made on the experimental in- 
fection of Cyclops (ikf . Imckwrti and Jf * hydinus) with first stage larvae 

of C. sweeti: 

L Maxiiifiton percentage of snfeetioii was observed when hx^ mmr 

hers of adult female M. leuckartt were placed in a small quantity of water 
containing fresh Camallanus larvae obtained from adult worms, the 
q^ops having been starved for 36 homrs i»revioiis to inleetion bf iso* 
lating them in distilled water. 

2. When mature and -immature forms of both species of Cyclops are 
used in the experiment m&y 25 to 30 per cent of them become infededt 
the rest being resistant, no matter how long thqr may be kept in contact 
with the larvae. 

3. The cydops become infected by swallowing the larvae. Foot to 
eight hours after exposure to infection the larvae reach the body cavity 
where they undergo the early developmental changes described later. 

4. A single cyclops may contain 12 to 15 larvae. These heavily in- 
fected individuals were slu|^sh and had a tendency to remain at the 
bottom of the container. 

5. The longest period during which infected cyclops coifld be kept 
alive in the laboratory was 52 days in hot weather (90 to 102® F) and 
70 days in cooler weather (55 to 70° F). 

6. Attempts to infect cyclops with the third stage larvae obtained 
from other infected cydops were always unsuccessful. 

7. When specimens of cyclops infected with Camallanus larvae are 
superinfected with the fresh larvae of Dracuncidus medinensis, it was 
observed that the latter underwent their usual developmental changes 
but the time required for this to take place was prolonged by 5-8 days. 
In a few instances the larvae developed only as far as the first or second 
molt, ftirttier development being completely arrested^ althoi^ the cy-* 
clops remained alive for over 4 weeks in the laboratory. When, how- 
ever, cyclops infected first with Dracunculus larvae were superinfected 
with f^esh Cmnalkmus larvae^ the Ca^mManm krvae, eso^ in a few 
instances, underwent complete development in approximately the same 
time as in cyclops not infected with Dracunculus larvae. 

8. Cydops infected with either CamaUamm or Dmamcidus krvae do 
not seem to develop fresh ovisacs. Infection with either species of nema- 
tode larvae seems to affect in some way (by pressure atrophy ?) normal 
functioning of the genital system of cydops. 

EFFECT OF FRESH BUB (UNDILUTED) OR HYDROCHLORIC ACID (0.1 TO 1.0 
PEK cent) on CYCLOPS INFECTED WTTH CmmMmuS LABYAE 

Undiluted fresh bile of 0. gachua killed cydops in ^botlfc five minutes 
and activated the larva in identically the same manner as in cyclops in- 
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fected with Dracunculus larvae (Moorthy, 1935). The activated larva 
makes frantic efforts to break through the anterior and posterior an- 
tennae, legs and various segmental joints of the cephalothorax and abdo- 
men. It is only when the larva reaches the caudal ramus or the anal 
segment that it succeeds, like the Dracunculus larva, in escaping through 
a hole made there apparently by the persistent cutting and screwing 
movements of its oral extremity. Activation of the larva was observed 
in 108 specimens of infected cyclops treated with bile, but in only three 
instances did larvae succeed in escaping through the anal segment. The 
time taken for the larvae to escape varied from 50 minutes to 2 hours. 
When larvae did not succeed in breaking through the exoskeleton they 
usually died in the body cavity of the cyclops after 3-4 hoiu-s of active 
motion. 

Fresh bile from Barbus (Puntius) ticto (Ham) and Barbus puckelli 
Day had the same effect as that of 0. gachua: the cyclops were killed in 
one to two minutes. Of 32 infected cyclops treated with these biles, 
escape of larvae through anal segment or caudal ramus took place in four 
instances, at intervals varying from 48 minutes to 3 hours. 

Bile of goat, sheep, and dog killed cyclops in 25 to 30 minutes ; the 
larvae were activated only slightly, and in none of 20 specimens of in- 
fected cyclops treated in this way did the larva succeed in escaping. 

A solution of preserved ox bile in distilled water in strengths varying 
from 10 to 20 per cent had little or no effect on the infected cyclops. It 
did not kill them for nearly three hours, and the activation of the larvae 
was not observed in any of the 20 specimens treated with this solution. 

Hydrochloric acid in strengths varying from 0.1 to 1.0 per cent killed 
the cyclops in two to three minutes, but the Camallanus larvae, unlike 
the Dracunculus larvae, were only slightly activated. Escape of larvae 
was not observed in any of 20 specimens of cyclops treated. 

The stimulation of Catnallanus larva to activity by fresh bile seems to 
be definite since it was observed in all the specimens studied. Actual 
escape of the larva appears to be by chance depending possibly on the 
degree of digestion and softening of the exoskeleton of cyclops effected 
by the bile. In the laboratory, of 140 infected cyclops treated with fresh 
fish bile the larvae escaped from only seven. In the fish, however, it is 
likely that this release of larvae takes place easily and freely by the com- 
plete breakdown of the exoskeleton of cyclops during the usual processes 
of digestion. 



In the course of certain other investigations on the "biological method 
of control of dracontiasis,** the following four species of small cydops- 
eating freshwater fish were found to contain in their intestines, under 
natural conditions, the third stage larvae of C. sweeti: Barbus puckelli 
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Day, 20 per cent; Barbus (Puiitius) ficto (Ham), 15 per cent; Lepido- 
cephalichthys thermalis (C.V.), 90 per cent, and Gambusia sp. (intro- 
clticed from Italy), 5 pet cent The krv&e found in B. ikia and Gam- 
busia were structurally identical with the third stage larva of C. sw00ii 
from experimentally infected cyclops. In B. puckelU and L. thermaUs, 
m addition to At krtal sllMgt found in cydops a few were found (3 and 
42 per cent respectivefy) Aat had undergone certain further devdop- 
mental changes to be described later. 

DEFINmW aosT 

In the final host^ 0. gachm, infected tmder natural conditions the fol- 
lowing different de?dqpmental stages of C. jweefi were found in the intes- 
tines: first stage larvae (1 per cent) ; third stage larvae, in the same stage 
of development as in eacperimentally infected cyclops (3 per cent) ; late 
third stage larvae in the ^uzie stage of devdopment as in B. puckeUi and 
L. thermalis (10 per asak) ; late fourth stage larva (0.5 per cent) ; early 
£fth stage larva (0.5 per cent) ; mature adult females (92 per cent) ; 
mature adult males (99 per cent). 

DESCRIPTION OF THE DEVELOPMENTAL STAGES OF 

C. smeeti 

Spedmens of first stage larvae were obtained from the mature 
C sweeti taken from 0. gachua. The different developmental stages in 
^dops came from experimentally infected cydops. The stages described 
tnmi the second intermediate and fimi hosts were from fish infected under 
natural conditions. The measurements of the larvae in different de- 
velopmental stages, are summarized in table 1. In table 2 de Man*s 
proportionsd measurements are given for oc» total length/body width, 
(3 = total length/esophagus length and y = total length /tail length. The 
location of the genital primordium or vulva from the anterior extremity 
is giTra as a percentage of total body lengtii. It is seen from the table 
that as the first stage larva grows to the adult (early fifth stage) the value 
of a and y steadily increases, suggesting that increase in body length is 
prtqportionally greater than corresponding width of body or of length of 
tail. There is not, however, much variation in the value of 3 for difTerent 
developmental stages, suggesting that increase in length of esophagus is 
in proportion to increase in body length in different devdopmental stages 
of C. sweetL Description and measurements are from specimens fixed 
and preserved in 2 per cent formalin or fixed, stained, and preserved 
by the author's method (Moorthy, 1937a). 

First stage larva (Plate I, figs. 1 and 2). Measurements given in 
tables 1 and 2 are the average of 10 specimens selected at random. 
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Table 2. — de Man's proportional measurements of C. swccti 
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Same number of specimens measured as in table 1. 
OP « genital primordium ; V « vulva. 



Description. Body 0.19 to 028 mm long and 0.012 to 0.018 mm wide. a= 15 
to 24, P = 3 to 5, Y = 5 to 7, genital primordium 53 to 65 per cent. Transverse cutic- 
ular striations fine; stoma small and narrow; characteristic dorsal triangular 
denticle present on the anterior extremity (fig. 1) ; amphids pore-like; esophagus, 
consisting of two parts, anterior muscular portion 0.027 to 0.0iS2 mm in length and 
posterior glandular portion 0.012 to 0.030 mm in length (fig. 1) ; nerve ring 0.025 
to 0.045 mm from cephalic extremity ; excretory cell 0.080 to 0.121 mm from cephalic 
extremity, at about level of proximal one-fourth of intestine ; excretory pore not 
distinct, apparently situated slightly anterior to the excretory cell nucleus (fig. 1) ; 
intestine consisting of 16 to 24 cells arranged in transverse rows of two to three 
cells (fig. I) ; genital primordium 0.11 to 0.17 mm from the anterior extremity, con- 
sisting of four cells arranged in a longitudinal row and situated close to the in- 
testinal wall ; anus 0.15 to 0.22 mm from anterior extremity ; phasmids large, pouch- 
like, slightly posterior to anus (fig. 1) ; tail 0.033 to 0.046 mm long terminating with 
a bluntly pointed tip. 

In only a few of the first stage larvae of C. sweeti studied was it pos- 
sible to differentiate the anterior muscular from the posterior glandular 
portion of the esophagus ; in the majority of the other specimens the gen- 
eral appearance is indicated in fig. 2. Since this demarcation between the 
muscular and glandular esophagus has been observed in only a few pre- 
served specimens of larvae, this observation needs confirmation. 

Late first stage larva undergoing the first molt (Plate I, fig. 4). The 
fiirst molt appears to take place 24 to 36 hours after the larva gains en- 
trance into the body cavity of the cyclops. It is extremely difficult to recog- 
nize this molt since it occurs at such a short interval after infection; the 
exuviae are very thin and lie quite close to the cuticle of the larva. Of 
several specimens examined this molt was distinct in only one. 

Description. The different measurements of the larva at this stage are given 
in tables 1 and 2. The general structure of the larva is about the same as the early 
first stage larva, with the following differences : 
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1. The anterior end is globular and devoid of the dorsal triangular denticle 

which appears to be lost with the exuviae (fig. 4). 

2. The stoma is wider and more distinct 

3. The demarcation between the muscular and glandular portion of the esoph- 

agus is slightly more distinct 

4. The total number of cells in the intestine is about 35 cells. 

5. The posterior end is thicker and more blimtly pointed. 

Early second stage larva (Plate I, figs. 3 and 5). Only one specimen 
was available for study. This was obtained from the body cavity of 
Cyclops, about 52 hours after infection. 

Description. The different measurements of this specimen are given in tables 1 
and 2. The following differences were noticed between this stage and the previous 
late first stage : 

1. The stoma is very distinct and rectangular in shape (fig. 3). 

2. A pair of very prominent esophageal nuclei is present (fig. 3). 

3. The excretory pore is distinct and situated slightly posterior to the nerve 

ring (fig. 3). 

4. The tail is short compared to the total body length, and is bluntly pointed 

at the tip (fig. 5). 

Late second stage larva undergoing the second molt (Plate II, figs. 
6 and 7) . The larva undergoes the second molt between the 5th and 7th 
day during hot weather (90^* to 102° F.) and between the 8th and 12th 
day during the cooler weather ( 55° to 70° F. ) . This molt unlike the first, 
was easily recognized and observed in a number of specimens. 

Description. Average measurements of three specimens are given in tables 1 
and 2. This stage resembles the third stage larva very closely but differs from 
the first stage larva in the following respects : 

1. The stoma is completely formed; buccal cavity partially chitinized and 

separates the imperfectly chitinized jaws from the esophagus (fig. 7). The 
molted portion of the old stoma and esophagus is present in the anterior 
portion of the exuviae to be cast off. 

2. The amphids are situated at the anterior margin between the two pairs of 

partially chitinized quadrilateral plates. 

3. The external circle of two pairs of papillae is conspicuous (fig. 7). 

4. The demarcation between the muscular and glandular esophagus is very 

distinct (fig. 7). 

5. The excretory pore is distinct and situated slightly posterior to the nerve 



6. The intestine consists of 40 to 50 cells arranged in transverse rows of 2 to 
3 cells each. 

7. The genital primordium consists of four cells as in the previous stages. It 

is elliptical, nearly as long, but twice as broad, as in the earlier stages. 

8. The rectum is just undergoing the molt (fig. 6). 

9. The tail is short compared to body length and covered by the posterior 

portion of the exuviae to be cast off. Three characteristic mucrones are 
present at the tip (fig. 6). 

Third stage larva (from experimentally infected cyclops) (Plate II, 
figs. 8, 9, and 10). Specimens of cyclops were infected with the first 
stage larvae of C. sweeti and had remained alive in the laboratory for over 
three weeks. The description is of larvae obtained from them. 
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Description, Average measurements of 10 specimens are given in tables 1 and 2. 
Body 0.47 to 0.65 mm long and 0.032 to 0.040 mm wide ; a = 14 to 18 ; p = 2.0 to 2.4 ; 
Y = 12 to 16 ; genital primordium 61 to 70 per cent ; stoma, 0.030 to 0.037 mm long, 
well formed; buccal cavity partially chitinized, separating imperfectly chitinized jaws 
from esophagus ; 8 to 11 partially diitinized, beaded ridges of almost the same length, 
extend from anterior margin to about the level of buccal cavity; amphids situated 
at anterior margin, between two pairs of partially chitinized quadrilateral plates ; two 
pairs of papillae of external circle conspicuous (fig. 10) ; esophagus with anterior 
muscular portion 0.14 to 0.17 mm in length and posterior glandular portion 0.09 to 
0.12 mm in length, demarcation between the two portions quite distinct ; nerve ring 
0.06 to 0.09 mm from anterior extremity ; excretory pore slightly posterior to nerve 
ring ; excretory cell conspicuous, situated at about level of base of muscular portion 
of esophagus (fig. 8) ; intestine consisting of 48 to 56 cells, containing large number 
of yellowish brown granules and transparent globules; genital primordium ellip- 
soidal in shape, 0.30 to 0.41 mm from anterior extremity, containing about eight cells 
nearly as long but about twice as broad as those of first stage larva (fig. 8) ; anus 
0.43 to 0.61 mm from anterior extremity; tail 0.035 to 0.051 mm long, with three 
characteristic unequal mucrones present at tip, the mediodorsal being noticeably 
stouter than the other two (fig. 9) ; phasmids circular, posterior to anus (fig. 9). 

Third stage larva found in intestines of B. puckelli and L. thermalis 
under natural conditions (Plate III, fig. 11). In the intestines of B. 
puckelli and L. thermalis, third stage larvae in the same stage of devel- 
opment as those found in experimentally infected cyclops, and also a few 
that appeared to have undergone further development in the fish, were 
found under natural conditions. Measurements and description given 
are of the latter forms that appeared to have undergone further develop- 
mental changes in the fish host. 

Description. In structure this larva resembles very closely the third stage larva 
from experimentally infected cyclops except for the following differences : 

1. It is about one and a half times as long and nearly as broad as the third 

stage larva from cyclops. 

2. Jaws, buccal cavity, quadrilateral plates, and longitudinal ridges are nearly 

completely chitinized while in third stage larva from cyclops they are 
partially chitinized ( fig. 1 1 ) . 

3. Ratio between length of anterior portion and posterior portion of esophagus is 

less than that in third stage larva from cyclops, and approximates more 
that of later developmental stages. 

4. (^nital primordium consists of eight cells, but is nearly one and a half times 

size in third stage larva from cyclops. 

5. Intestine contains larger numbers of cells (about 80) than in third stage 

larva from cyclops. 

Third stage larva undergoing third molt. In spite of repeated careful 
search for the third stage larva of C. sweeti undergoing the third molt, 
none has been secured from either intermediate or definitive hosts. 
Hence neither larval structure at this stage of development nor host in 
which the third molt takes place, could be determined. It seems likely 
that the third molt takes place in the intestine of the second intermediate 
host. 

Fourth stage larva undergoing fourth molt from intestines of O. 
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gachiia injected under natural conditions (Plate III, figs. IS and 16). 
Out of several specimens of 0. gachua that were examined only a single 
specimen of CamcUlanus larva undergoing (?) the fourth molt was ob- 
tained. Judging from the structure of the old stoma which was just 
being cast off and of the new one just being formed, it was thought at 
first to be undergoing the third molt. However, structure of genital 
primordium and already formed vulva suggested further development 
than the third stage and it is described as undergoing the fourth molt. 

Description, Measurements are given in tables 1 and 2. The following dis- 
tinctive developmental changes were observed : 

1. Both the old stoma (resembling that of early third stage larva) just being 
shed, and the new one resembling that of the adult just being formed 



2. Number of cells in intestines has increased to about 120. 

3. Genital primordium is conspicuous and considerably increased in size. Its 

length is 10 to 12 times and breadth 3 to 4 times that of the late third 
stage larva. 

4. Vulva, vagina, and uterus are just being differentiated and sex can be easily 

recognized. 

5. Tail is short and three characteristic mucrones are present at tip (fig. 16). 

Early fifth stage larva (Plate III, fig. 17). Only one specimen was 
found in the intestines of O. gachua infected under natural conditions. 

Description, The different measurements of the specimen are given in table 1. 
In general structure this stage resembles that of adult C. sweeti (Moorthy, 1937), 
except for the following differences : 

1. Stoma is only partially chitinized and new longitudinal ridges are just being 

formed (fig. 17). 

2. Intestine consists of about 200 cells. 

3. Vulva and vagina are fully formed, but lips of vulva are not so prominent 

and do not project out from body as in adult. 

4. Anterior and posterior portion of uterus is just being differentiated, the 

anterior end terminating in a long tubular ovary and the posterior in a small 
rudimentary ovary. 



In some of the specimens of 0. gachua, a few of the dead adult females 
of C. sweeti that had completely emptied their uteri of larvae were pres- 
ent ; and in a few others, living first stage larvae were found in the lower 
half of the intestine. It is suggested from these observations that under 
natural conditions the adult female worms discharge the larvae into the 
lumen of the intestine of O. gachua, the worms dying after all the larvae 
have been discharged. On reaching the water in the feces of the fish, 
the larvae are swallowed by a suitable species of cyclops, possibly adult 
females of M, leuckartt, and reach the body cavity of cyclops about two 
to three hours after infection ; about 24 to 36 hours later, these larvae 
undergo the first molt ; and after 5 to 7 days during hot weather or 8 to 
12 days in the cooler weather they undergo the second molt. If at this 



(fig. IS). 
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stage the infected cyclops are ingested by a suitable freshwater fish, B. 
puckeUi or L. thermalis, they are killed by the digestive secretions, e.g., 
the bile, and the larvae are activated ; on being released from the cyclops 
certain further development including possibly the third molt of the larvae, 
takes place in the intestine of the fish. As has been stated, specimens of 
larvae undergoing the third molt have not been found, either in the second 
or in the final host. The infection of the final host possibly takes place 
by its feeding on the second intermediate host. The larvae undergo the 
fourth molt in the intestines of the final host where a distinct change takes 
place in the stoma from the early larval Paracamallanus type to the adult 
Camallanus t)^. After this molt the larvae become sexually mature. 
Copulation appears to take place in the first half of the intestine, as large 
numbers of males and females were usually found in that region. The 
impregnated females migrate to the lower half of the intestines where they 
discharge the larvae, which on reaching the water in the feces of the fish, 
are ingested by cyclops and the life cycle is started again. 

In the laboratory it has so far been possible to follow the life history 
of C. sweeti only in the first intermediate host, the cyclops. Since both 
the second intermediate and final host are very heavily infected with this 
parasite under natural conditions in the locality where the investigation 
was conducted, it was not possible to follow the life history of the parasite 
in these hosts in the laboratory. Structural identity of larval forms ob- 
tained from the second intermediate and final host, with those obtained 
from cyclops experimentally infected with first stage larva of C. sweeti, 
give adequate support to the life history suggested. 

Since it was not possible to follow the life history of C. sweeti in the 
second intermediate and final hosts in the laboratory, it is difficult at the 
present stage of the investigation to estimate how far the intervention of 
the second intermediate host is necessary for the infection of the final host 
and whether or not the final host can become infected by feeding directly 
on the first intermediate host. The presence of the third stage larva in 
the intestines of the definitive host (3 per cent) showing the same stage 
of development as in cyclops suggests that the final host gets the infection 
by feeding directly on cyclops ; but the presence in the intestines of the 
final host also of the later developed stage found in the second interme- 
diate host suggests that the early third stage larva is possibly introduced 
by the final host feeding on the second intermediate host which harbors 
both the stages of the larvae and not by feeding directly on cyclops. In 
addition, it has been observed in the field that 0. gachua does not feed 
to any great extent on cyclops directly, but feeds voraciously on the 
smaller cyclops-eating fish, especially L. thermalis, in which the highest 
percentage (42 per cent) of the late third stage larval infection of C. 
sweeti was observed under natural conditions. The largest percentage 
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(10 per cent) of the early developmental stage of C. sweeti found in the 
intestine of O. gachua are structurally identical with the stage of maxi- 
miun development of C. sweeti in the intestines of the second intermediate 
host. Adult C. sweeti have so far been found only in 0. gachua which 
feeds essentially on the second intermediate host, and not in any of the 
other species of fish that feed voraciously on cyclops and other copepods. 
It is suggested from these observations that under natural conditions the 
infection of the final host does not take place without the intervention of 
the second intermediate host. 

The most interesting feature in the life history of C. sweeti is the 
transformation of the stoma from the Paracamallanus type found in the 
third stage larva to the Camallanus type found in the adult when the larva 
undergoes the fourth molt in the intestines of O. gachua. As has already 
been pointed out (Moorthy, 1937b), the presence or absence of a large 
buccal cavity does not appear to be a satisfactory generic character and it 
is possibly superfluous to keep Paracamallanus as a separate genus. 



Camallanid larva from naturally infected cyclops (Plate IV, figs. 18, 
19, and 20). As has been stated, the third stage Camallanus larva ob- 
tained from a single specimen of cyclops infected under natural conditions 
seems to be structurally different from the third stage larva of C. sweeti 
obtained either from the second intermediate host or from cyclops experi- 
mentally infected in the laboratory. Since this was the only camallanid 
larva so far found in cyclops collected from ponds containing large num- 
bers of 0. gachua infected heavily with C. sweeti, a brief description of 
this larva is given. The adult of this species of Camallanus has so far 
not been found in any of the fish hosts examined. It is possible that some 
other aquatic animal (turtle ?) is the final host of this species of 
Camallanus. 

Description, Body 1.09 mm long by 0.07 mm wide ; a = 16, P = 2.8, Y = 23, genital 
primordium 66 per cent; stoma 0.046 mm long, consisting of an almost completely 
chitinized buccal cavity and well developed paired jaws (fig. 19) ; 14 longitudinal 
ridges, not beaded and of unequal length, extend from the cephalic extremity to the 
upper margin of the chitinous ring ; two pairs of papillae of external circle conspicu- 
ous; amphids situated at the anterior margin between the two pairs of completely 
chitinized quadrilateral plate ; cuticular striations transverse deep, distinct, and about 
4\JL apart; esophagus with anterior muscular portion 0.26 mm long and posterior 
glandular portion, 0.14 mm long, the demarcation between the two portions quite 
distinct (fig. 18) ; nerve ring 0.13 mm from the anterior extremity; excretory pore 
slightly posterior to nerve ring; excretory cell nucleus at base of muscular portion 
of esophagus ; intestine consisting of 65 cells arranged in transverse rows of three to 
four cells each, containing yellowish brown granules and transparent globules (fig. 
18) ; genital primordium, 0.72 mm from the anterior extremity ; consists of four cells 
arranged longitudinally (fig. 18) ; anus 1.05 mm from the anterior extremity; phas- 
mids circular, situated slightly posterior to anus (fig. 20) ; tail 0.46 mm long; three 
very prominent equal mucrones are present at the tip (fig. 20). 



UNDETERMINED FORMS OF CAMALLANID LARVAE 
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This larva differs from the third stage larva of C. sweeti obtained from 
experimentally infected cyclops and also the early third stage larva ob- 
tained from the intestines of the second intermediate host infected under 
natural conditions as follows : 

1. The chitinization of the buccal cavity, the jaws, and the longi- 
tudinal ridges is nearly complete, while it is only partial in larvae 
obtained from cyclops or fish. 

2. The buccal cavity is only half as long as in the other forms. 

3. The larvae are nearly twice as long and broad as those ob- 
tained from experimentally infected cyclops. 

.4. The transverse cuticular striations are deeper, more pro- 
nounced, and farther apart. 

5. The genital primordium is longer and narrower, situated more 
posteriorly, and has only four cells. 

6. The three mucrones at the tip of the tail are almost equal in 
size, while they are unequal in C. sweeti, the mediodorsal one being 
noticeably stouter and longer than the other two. 

7. The ridges at the anterior margin of the stoma are 14 in num- 
ber, unequal and are not beaded, while there are usually not more 
than 11 ridges of about the same length, every one of them distinctly 
beaded, in the third stage larva of C. sweeti. 

These differences in the structure of this larva suggest that it prob- 
ably represents the third larval stage of a different species of Camcdlanus. 
The exact identification of the species was not possible as only one larva 
was available for study and its structure did not agree with any of the 
known adults of this genus. 

Encysted camallanid larva found in the second intermediate host 
(Plate III, figs. 12, 13, and 14). In about 5 per cent of B. puckelli and 
18 per cent of L. thermcdis, infected under natural conditions, an encysted 
camallanid larva (fig. 12) was found in the body cavity of the fish, in 
addition to the third stage larvae of C. sweeti that were found in the in- 
testinal lumen. These encysted forms have also been found in about 2 
per cent of O. gachua. In the smaller species of fish these forms were 
found encysted in the body cavity of the fish lying loosely attached to the 
intestines ; in 0. gachua they were always found in the lumen of the fore- 
gut, some being enveloped in the cyst and others being set free from it. 
This observation suggests that the encysted form is one of the early devel- 
opmental stages of a camallanid, which when introduced into the intestines 
of 0. gachua excysts and possibly does not undergo any further develop- 
ment. Structurally these forms appear to be different from any of the 
developmental stages of C. sweeti so far known. 

Description. Body 1.1 to 1.6 mm in length, 0.05 to 0.06 mm in width; a = 17 to 
26, P = 2.8 to 3.9, Y = 16 to 23, genital primordium 50 to 64 per cent ; stoma 0.035 to 
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0.048 mm in length ; buccal cavity very narrow, being only half as long as that found 
in the third stage larva; longitudinal ridges observed in the later developmental 
stages of C. sweeti not present ; two pairs of papillae of external circle, conspicuous ; 
amphids situated at the cephalic extremities between the two pairs of chitinized 
quadrilateral plates (fig. 14) ; esophagus with anterior muscular portion 0.19 to 0.22 
mm long and posterior glandular portion 0.16 to 0.22 mm long; nerve ring 0.09 
to 0.11 mm from the cephalic extremity; excretory pore slightly posterior to nerve 
ring; intestine with 100 to 120 cells arranged in transverse rows of three to four 
cells each, containing a large number of yellowish brown granules; genital pri- 
mordium nearly three to four times as long and about twice as broad as that of 
the third stage larva; anus 1.0 to 1.5 mm from the anterior extremity; tail 0.063 
to 0.081 mm long, bluntly conoid, without mucrones (fig. 13). 

The peculiar shape of the stoma, neither resembling the early larval 
stages nor that of the adult of C. sweeti, the entire absence of longitudinal 
ridges in the stoma and the absence of the characteristic mucrones at the 
tip of the tail which are present both in the early stages and in the mature 
adults of C. sweeti, suggest that these encysted forms represent a develop- 
mental stage of a different species of camallanid. Since C. sweeti is the 
only species of adult camallanid that has so far been found in O. gachm, 
it appears to be probable that the adult of this species is present in some 
other final host. Beyond excystation no further development of this 
encysted form is observed in O. gachua. The presence of these forms in 
0. gachua is possibly only accidental due to its feeding on B. puckeUi 
and L. thermalis that harbor this encysted form. 

SUMMARY 

A description is given of the different developmental stages of C. 
sweeti (except that of the third stage larva undergoing the third molt) 
as they occur in the intermediate and the final host. There is also de- 
scribed a camallanid larva of unknown species found in the body cavity 
of naturally infected cyclops, and an encysted camallanid larva of unknown 
species found in the peritoneal cavity of B. puckelli and L. thermalis. It 
is suggested that in the life history of C. sweeti the intervention of two 
intermediate hosts, the cyclops and a freshwater fish (B. puckelli or L. 
thermalis) are necessary. Since under natural conditions there was 
heavy infection in the second intermediate and final host, it was not possi- 
ble to follow the life history of C. sweeti in these hosts in the laboratory. 
It has been observed that fresh bile has identically the same effect on 
cyclops infected with Camallanus larva as on cyclops infected with Dra- 
cunculus larva, in both cases the cyclops being killed and the encysted 
larva activated. 




MOORTHY^AMALLANUS SIVEETI LIFE HISTORY 337 



Bibliography 

MooRTHY, V. N. 193SI The influence of fresh bile on guinea worm larvae encysted 

in cylops. Ind. Med. Gaz. 70 : 21. 
1937a A simple method of staining and mounting nematode larvae. J. 

Parasitol, 23: 100-102. 
1937b Camallanus sweeti, a new species of Camallanidae (Nematode). J. 

Parasitol. 23 : 302-^306. 
MooRTHY, V. N. AND SwEET, W. C. 1936 Guinea-worm infection of cyclops in 

natiu-c. Ind. Med. Gaz. 71 : 568. 

EXPLANATION OF PLATES 
Abbreviations 

Amp Amphid 

CP Cephalic papillae 

D Dorsal denticle 

Ec.n. Excretory cell nucleus 

E. P Excretory pore 

G.P Genital primordium 

N.R. Nerve ring 

N.S New stoma just forming 

O.N Esophageal nuclei 

O.S Old stoma just being cast 

Ph Phasmid 

St Stoma 



Plate I 
Camallanus sweeti 

Fig. 1. First stage larva : the general appearance observed in a few specimens 
in which the line of demarcation between the muscular and glandular esophagus was 
distinct. 

Fig. 2. First stage larva, esophageal region: the general appearance ob- 
served in the majority of the larvae studied; here the line of demarcation between 
the muscular and glandular esophagus is not distinct. 

Fig. 3. Early second stage larva: esophageal region. 

Fig. 4. Late first stage larva undergoing the first molt : esophageal region. 

Fig. 5. Early second stage larva : posterior region. 

Plate II 

Developmental stages of Camallanus sweeti from experimentally infected cyclops. 
Fig. 6. Second stage larva undergoing the second molt : posterior region. 
Fig. 7. Second stage larva undergoing the second molt: esophageal region, 
lateral view. 

Fig. 8. Third stage larva : general lateral view. 

Fig. 9. Third stage larva : tail, lateral view. 

Fig. 10. Third stage larva : cephalic region, lateral view. 

Plate III 

Fig. 11. Late third stage larva obtained from the intestines of the second 
intermediate host: cephalic region. 

Fig. 12. Encysted camallanid larva (sp. ?) found in the peritoneal cavity of 
the second intermediate hosts and also in the intestines of 0. gachua. 

Fig. 13. Tail of encysted camallanid larva (sp. ?). 
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Fig. 14. Cephalic portion of the encysted camallanid larva (sp. ?). 

Fig. 15. Fourth stage larva of C. sweeti undergoing the fourth molt (from the 
intestines of O. gachua) ; shows the transformation of the Paracamallanus type of 
stoma to Camallanus type. 

Fig. 16. Tail end of the fourth stage larva of C. sweeti, undergoing the fourth 
molt. 

Fig. 17. Early fifth stage larva of C, sweeti (from the intestines of O. gachua) ; 
shows the Camallanus type of stoma and the longitudinal ridges at the anterior 
extremity, just forming. 



Third stage Camallanus larva (sp. ?) found in cyclops infected under natural 
conditions. 

Fig. 18. GJeneral lateral view. 
Fig. 19. Head, lateral view. 
Fig. 20. Tail, lateral view. 
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A PECULIAR TYPE OP GUINEA-WORM EMBRYO.* 



BY 

V. N. MOORTHY, b.sc, m.b., b.s., d.t.m., d.p.h., 

AND 

W. C. SWEET, M.D., DR.P.H., 

(From the Departftient of Public Health in Mysore, Bangalore.) 

[Reoeived for publication, April 15, 1936.] 

In 1931, while examining specimens of guinea- worm embryos obtained from 
two patients in an infected village in the Chitaldrug district, Mysore State, South 
India, three specimens which had a peculiar tail-end were found. Two of these 
were lost while making permanent slide preparations, and the one specimen left 
did not permit of sufficient study of structure. Subsequent to this finding all 
collections of guinea-worm embryos brought to the laboratory were carefully 
examined for further peculiar specimens but none were found until recently when a 
few of the embryos collected from six out of ten patients of another village proved 
to be of the new type. The collection was made just as the blister had burst and 
was consequently quite fresh. The following general observations were made : — 

1. Froiri the same worm both type A and type B embryos were obtained 

(Plate XXI, fig. 1). 

2. Type A embryos w^re present in very small numbets ; type B embryos 

w^e found in millions, type A being found only in hundreds. 

3. Type A embryos were found in comparatively large numbers only in 

fresh cases for a few days after the blister was opened. When the 
embryos were collected by spraying the area with ethyl chloride it 
was noticed that type A embryos were obtained in larger numbers 
only in the first collection, becoming gradually reduced in number 
in subsequent collections. 

4. As stated above, type A embryos were recovered only in six out of ten 

patients. In the remaining four patients, in spite of repeated careful 
search, they could not be found. 



* The work here reported was done with the support and under the auspices of the Government 
of Mysore and the International Health Division of the Rockefeller Foundation. 
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Camera lucida drawing of type A guinea-worm embryo, having a peculiar posterior end with 
laterally placed tail (mag. x 450). 



a. Sharp-pointed, triangular projection seen in the anterior margin of the lower h'p. 

6. (Esophagus. 

c. Nerve ring. 

(/• Knob-like projection. 

e. Laterally placed tail. 

/. Posterior narrowed portion of the embryo. 
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Plate XXI. 




Fig. 1. A, — Photomicrograph of type A guinea- worm embryo (mag. X 210). 
B. — Photomicrograph of type B guinea- worm embryo (mag. x 210). 




Fig. 2. A* — Photomicrograph of type A guinea-worm embrv'o just imdergoing the first ecdysis in the 
body cavity of cyclops. Specimen dissected from an infected cyclops 5 days after 
infection, stained and mounted by Moorthy's method (mag. x 210). 
B. — Photomicrograph of type B guinea-worm embryo just undergoing the first ecdysis in the 
body cavity of cyclops. Dissected from an infected cyclops 5 days afteiyiirfection, stnined 
and mounted by Moorthy's method (raag. x 21')). Digitized by VjrOOQlC 



Platb XXII. 




Fig. 3. A. — Photomicrograph of type A embryo dissected from an infected cy elope 
after undergoing full development in the body cavity. 

B, — Photomicrograph of type B embryo dissected from an infected cydops 
after undergoing full development in the body cavity. 
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5. A large number of cyclops were infected in the laboratory with guinea- 
worm embryos from one of the six patients mentioned^ containing 
both type A and t)rpe B, and five days after infection a large number 
of these cyclops were dissected. The embryos undergoing develop- 
mental changes in the body cavity of the cyclops were released by 
dissection, fixed and stain^ by a special method (Moorthy, 1936). 
Since type A embryos were present only in small numbers, several 
hundred infected cyclops had to be examined to find type A embryos 
and to date only three of these embryos, just undergoing the first 
ecdysis, have been recovered. As seen in Plate XXI, fig. 2, the type 
A embryos carried the laterally placed tail into the body cavity of 
the cyclops and had not lost it until after the first ecdysis. 

The type A embryo is about three-quarters the length of type B and is slightly 
stouter. A small triangular projection with a pointed end, resembling the small 
dorsal spine seen in camallanus larvse, can be seen near the anterior margin of one 
of the hps. Other structures seem to be much the same as those found in type B 
embryos and it is only at the tail-end that a decided difference exists. In type B 
the tail is in continuation with the body and gradually tapers to a point, whereas in 
type A a characteristic knob-like structure is seen projecting to one side of the larva 
be] low which the embryo suddenly becomes very narrow. From about the middle 
of this narrow portion a thin tail-like structure, which ends in a sharp point, projects 
out laterally and is about half as long as the corresponding tail of type B. Average 
measurements of 20 embryos of each type, fixed and stained by the writer's method, 
are given : — 





Type A. 
mm. 


Type B. 
mm. 


1. 


Total length 


0-4340 


0-6100 


2. 


Breadth at the widest portion 
of the embr^'o. 


0-0230 


01624 


3. 


Length of the cesophagus 


0'1120 


0-1368 


4. 


Distance of the nerve ring 
from the mouth end. 


0-0560 


0-0672 


5. 


Length of the tail 


0-0980 


0-1582 


6. 


Distance of the knob-liko struc- 
ture frcHn the moutTi end. 


0-3780 


Not present. 


7. 


Length of the posterior 
narrowed portion. 


0-0560 


»» »« 
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Further careful search of infected cyclops revealed one specimen of a type A 
embryo after it had undergone its fufi development in the body cavity. The 
comparatively small number of type A embryos makes it necessary to examine 
literally thousands of infected cyclops. The one specimen found is shown, with a 
fully developed type B embryo, in Plate XXII, fig. 3. The measurements of this 
type A embryo, and the average measurements of ten fully developed type B 
embryos, were as follows : — 




1. Total length 

2. Breadth at widest portion 



3. Bistanoe of nerve ring from 
mouth end. 



4. Distance of knob-like struc- 
ture from mouth end. 



5. Lcni^th of knob-liko struc- 
ture. 



0*3960 
00160 
00600 

0-3800 

0060 



Type B, 



0-4200 
0-0167 
0-0658 

Not present. 

»» »♦ 



From this description of the embryos it seems clear that the two embryos 
are distinctly different forms but that, since both have been obtained from the 
same adult female worm, they do not represent different species. Possible explana- 
tions of the difiterences are that the types are of different sexes or that the difference 
is a pure anatomical abnormality. Since t3rpe A embryos have been recovered in 
some hundreds in six different patients, it does not seem likely that the structural 
difference noticed is only an anatomical abnormality and so the type A embryo 
possibly represents one of the sexes and type B the other. As to which is the male 
and which the female, it is difficult to determine. 



REFERENCE. 

MooBTHY, V. N. (1936) . . . . ' A Simple Method of Staining and Mounting Small 

Nematode Larvse * (shortly to be published). 
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Reprinted from The Journal or Parasitology, April, 1937, Vol. 23, No. 2, 

pages 220-224. 



A REDESCRIPTION OF DRACUNCULUS MEDINENSIS* 

Moorthy and Sweet (1936, Ind. Med. Gaz., 71:437-442) reported on the ex- 
perimental infection of dogs with D. medinensis and gave a preliminary descrip- 
tion of stages (including males) encountered. To date a total of 6 pups have 
become successfully infected by feeding them with Cyclops containing larval D. 
medinensis and 45 males and 178 females have been recovered after periods of 
67 to 457 days. The following table summarizes the results obtained : 



* From the Department of Helminthology, School of Hygiene and Public 
Health, The Johns Hopkins University, Baltimore, Md. 

Acknowledgment is made to the International Health Division of the Rocke- 
feller Foundation for having granted the fellowship which made this work 
possible. 

The writer is greatly indebted to Drs. P. A. Maplestone, P. Parthasarathy, and 
W. C. Sweet for the helpful criticism and advice given during the preliminary 
stages of this work in India. To Dr. B. Schwartz the writer's appreciation is due 
for the privileges of his laboratory and to Dr. B. G. Chitwood and Mrs. M. B. 
Chitwood, the writer wishes to express his gratitude for the very valuable help 
and guidance given in the course of this work. 
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Dracunculus medincnsis 

Fig. I. Male head (en face view) — interno-dorsal and interno-vcntral pairs of 
papillae separate. 

Fig. 2. Male head (en face view) — interno-dorsal papillae — separate; intcriio- 

ventral papillae— partially fused. 
Fig. 3. Male head — median view. 

Fig. 4. Immature female head — length 24 mm. (en face view). 
Fig. 5. Mature female (en face view). 
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Plate II 




Fig. 6. Male tail (Dracunculus medinensis) — lateral view. 

Fig. 7. Male tail (Dracunculus medinensis) — general view. 

Fig. 8. Male tail (Dracunculus dahomensis) — ventral view. 

Fig. 9. Male tail (Dracunculus medinensis) — ventral view. 
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Plate III 




Fig. 10. Cross section of mature female (length 31.5 cms.) in the region of the 

vulva showing the presence of mucoid plug. 
Fig. II. Female (length 24 mm.) — shows the vulva, vagina containing mucoid 

plug, and origin of uteri. 
Fig. 12. Male — oesophageal region. 

Fig. 13. Immature female tail (length 24 mm.) showing four caudal mucrones. 
Fig. 14. Immature female (length 24 m.m.) showing the position of anus. 
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No. of days after administra- 
tion of infected Cyclops . . . 

Number of males 

Number of females 

Length of males (in cms.) . . 
Length of females (in cms.). 
Larvae present 



Doc 
No. 28 


Dog 
No. 19 


Doc 
No. 20 


Dog 
No. 23 


No. 21 1 


Dog 
No. 14 


67 


105 


115 


133 


144 


457 


7 


5 


17 


9 


7 





44 


1 


74 


23 


18 


21 


1.2-1.8 


1.8-2.4 


2.0-2.2 


2.1-2.9 


2.0-2.9 




1.5-2.4 


18 


17-33 


2.5-50 


9-45 


*28-i53 


No 


No 


No 


No 


No 


Yen 



The following description of Dracunculus medinensis has been made from the 
study of this material. 

Male. — 12 to 29 mm. long by 04 mm. wide; oral opening minute, surrounded 
by an internal circle of 4-6 well-developed papillae (interno-laterals always sep- 
arate, intemo-dorsals and/or intemo- ventral s sometimes partially fused) and an 
external circle of 4 double papillae (no variations) ; amphids posterior to interno- 
laterals (Figs. I, 2, and 3) ; deirids (cervical papillae) slightly posterior to nerve 
ring (Fig. 12) ; oesophagus 9.6 mm. long in specimen 26 mm. long, consisting of 
a short anterior muscular part and a wide posterior glandular part constricted at 
isthmus where nerve ring is situated (Fig. 12); anus 25011 from posterior ex- 
tremity; genital papillae 10 pairs; 6 postanal and 4 preanal; numbering from the 
posterior extremity, pair i ventro-lateral ; pairs 2-3 subventral, not circumscribed ; 
pair 4 ventro-lateral near 3 and separated some distance from pairs 5-6 which are 
postanal, 5 being ventro-lateral and 6 subventral; 7-10 in a series from ventro- 
lateral to subventral just anterior to anus; phasmids lateral, posterior to pair 5. 
Spicules subequal, 490-730^1 long; gubernaculum 200 p. long (Figs. 6, 7 and 9). 

Female. — 1.5 to 53 cms. long by up to i mm. wide; quadrangular circumoral 
elevation present; oral opening surrounded by an internal circle of 4 papillae; 
interno-laterals separate, interno-dorsals and intemo- ventrals partially fused; one 
large female had intemo-ventrals separate; small females often similar to males 
(Fig. 4) ; external circle of 4 double papillae; amphids posterior to interno-laterals 
(Figs. 4 and 5) ; oesophagus 10 mm. long in specimen 24 mm. long. Dr. B. G. 
Chitwood found oesophagus 40 to 60 mm. long in specimens 75 cms. long obtained 
from North American inammals. Intestine pigmented in young specimens, gradu- 
ally losing pigmentation with maturity. Anus 250 ^ from posterior extremity in 
specimens 24 mm. long (Fig. 14) 900 n in specimens 50 cm. long; tail with four 
caudal mucrones in young specimens (Fig. 13), without such structures in fully 
grown specimens. Vulva 10.3 mm. from anterior end in specimens 24 mm, long 
(Fig. II). Dr. B. G. Chitwood found the vulva to be situated 14.5 cm. from the 
anterior end (Fig. 10) in specimens 31.5 cm. long. Vagina containing mucoid 
plug in specimen 24 mm. long illustrated (Fig. 11). 

Apparently copulation takes place in the earlier stages of development since 
males were not observed after six months and the vagina contains a mucoid plug 
in young specimens (24 mm. long). 

Dracunculus dahomensis (Neuman, 1895) is very difficult to distinguish from 
D. medinensis on the basis of the females. However, the arrangement of the 
genital papillae and the shape of the tail of the male (Fig. 8) provide quite satis- 
factory characters for the separation of these species. In this species papillae 2-3 
are circumscribed ; papillae 4 corresponds to 5 of D. medinensis ; and 5 (6 of 
medinensis) is also circumscribed. The preanal papillae are apparently variable 
with 6-3 pairs, sometimes not all paired. D. globocephalus (Mackin, 1927), differs 
in that the spicules are markedly unequal. D. houdemeri Hsu, 1933, was based on 
a single female, the distinguishing characteristic being the cephalic pattern, the 
lateral cuticular elevations being trident-like. Since variations of the cephalic pat- 
tern are known in this genus, the validity of the species appears dubious. — V. N. 
MooRTHY, Fellow of the Rockefeller Foundation from Mysore State Department 
of Health, Bangalore, India. 
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Reprinted from The Journal of Pabasitolooy, August, 1938, Vol. 24, No. 4, 

pages 319-322. 



SPINITECTUS CORTI N. SP. (NEMATODA: SPIRURIDAE)* 

V. N. MOORTHY 
Mysore State Department of Health, Bangalore, India 

A few specimens of Spinitectus were obtained from the intestines of 
the fish, O. gachua, collected from the fresh-water ponds in the Chital- 
drug District, Mysore State, India. This nematode appears to be a new 
species and for it the name Spinitectus carti is proposed in honor of 
Doctor W. W. Cort, to whom the writer is greatly indebted for the help 
and encouragement given. 



Description. Body filiform, widest near middle and slightly attenu- 
ated towards both extremities ; anterior end bluntly conical ; posterior end 
acutely pointed in some specimens, less so in others. Head not distinctly 
marked oflF from body. Cuticular spinous rings conspicuous, beginning 
about 0.07 mm from anterior end ; first two rows very close together com- 
pared to other rows ; total number of spinous rows varying from 45 to 
51 : anterior-most row contains 22 spines in a circle as observed in lateral 
view while in other rows the number varies from about 6 near tail to 
about 30 in widest portion of body; in anterior half of body spines 
arranged in regular circles, more posteriorly in semicircles, and in tail 
portion irregularly placed (fig. 1). 

Female, 1.4 to 1.9 mm long by 0.14 to 0.18 mm in maximum width 
at middle of body. Stoma short, 0.035 to 0.040 mm long, funnel shaped. 
Oral opening terminal, guarded by three lips. At anterior extremity 
amphid and a pair of cephalic papillae present (fig. 4). Pharynx, tubu- 
lar, distinct and about one-third as wide as muscular portion of esophagus. 
Esophagus with distinct demarcation between anterior muscular portion 
and posterior glandular portion; anterior muscular portion 0.13 to 0.14 
mm long; posterior glandular portion, multinucleated, 0.28 to 0.37 mm 
long (fig. 4) : esophago-intestinal valve distinct. Nerve ring 0.12 to 0.14 
mm from cephalic extremity. Excretory pore at level of fourth row of 
spines (fig. 1). Intestine consisting of large number of cells containing 
yellowish brown granules and globules, and extending from about level 
of 10th row to 35th row of spines. Vulva situated in posterior third of 

Received for publication November 2, 1937. 

♦Contribution from the Department of Helminthology, School of Hygiene 
and Public Health, Johns Hopkins University, Baltimore, Md. 

Acknowledgment is made to the International Health Division of the Rocke- 
feller Foundation for having granted the fellowship which made this work pos- 
sible. The writer is indebted to Dr. B. Schwartz, Chief of the Zoological Divi- 
sion, U. S. Bureau of Animal Industry, for the privileges of working in his 
laboratory, and to Dr. B. G. Chitwood for valuable help and guidance. 



Spinitectus corti n. sp. 
(Figs. 1-4) 
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body, dose to anus, 1.23 to 1.60 mm from cephalic extremity; vagina 
long, muscular, extending anteriorly about 0.18 mm from vulva, and ter- 
minating at bifurcation of uterus (fig. 1). Uteri filled with eggs, occu- 
pying greater part of interior of body and extending anteriqrly as far as 
middle of glandular portion of esophagus. Anus near caudal extremity, 
about level of 40th row of spines. Tail 0.10 to 0.13 mm long; in some 
specimens, spear-shaped and acutely pointed at tip, devoid of spines in 
its posterior third (fig. 2), while in others, conoid in shape, blunt and 
rounded at tip and spines extending to tip (fig. 3). Phasmids slighdy 
anterior to tip of tail (fig. 2). Mature eggs in uteri and vagina, 0.028 
to 0.031 mm by 0.016 to 0.018 mm, ellipsoidal, with thick transparent 
shells and without polar filaments. 
Male. Unknown. 

Habitat. Intestine of Ophicephalus gachua. 

Locality. Chitaldrug District, Mysore State, India. 

Specimen. U. S. Nat. Mus. Helm. Coll. No. 9130. 

This species may be differentiated from the other species of the genus 
by its short stoma ; its small size, being the smallest of all known species ; 
its relatively greater width compared to length; and in having the first 
two rows of spines comparatively closer together than the other rows. 
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Fig. 1. Spinitectus corti, female, lateral view. E.P., excretory pore; Ec.N., 
excretory cell nucleus. 
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Fig. 2. Tail of female, with pointed posterior extremity; devoid of spines 
in the posterior region. Ph, phasmid. 

Fig. 3. Tail of female, with rounded posterior extremity; spines extend to 
the tip of the tail. 

Fig. 4. Female, esophageal region, lateral view. Amp., amphid; CP., 
cervical papillae; O.N., esophageal nuclei. 
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